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(54) ELECTROPLATING SOLUTION, METHOD FOR FABRICATING MULTILAYER PRINTED 
WIRING BOARD USING THE SOLUTION, AND MULTILAYER PRINTED WIRING BOARD 



(57) The objective of present invention is to provide 
an electroplating solution ceipable of fonning the upper 
face of a via-hole and the upper face of a conductor cir- 
cuit in the same layer in approximately the same plane 
at the time of manufacturing a multilayer printed circuit 
board. The electroplating solution of the present inven- 
tion is characterized by containing 50 to 300 g/L of cop- 
per sulfate, 30 to 200 g/L of sulfuric acid, 25 to 90 mg/ 
L of chlorine Ion, and 1 to 1 000 mg/L of an additive com- 
prising at least a levelling agent and a brighten er. 
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Description 

Technical field 

[0001] The present Invention relates to an electroplat- 
ing solution lo be employed Tor manufacluring a mulli- 
layer prinled circuit board, a method for manufacluring 
a multilayer printed circuit board using the electroplating 
solution, and a multilayer printed circuit board. 

Background art 

[00P2] A multilayer printed circuit board so-called a 
multllayer-bullt-up wiring substrate is manufactured by 
a seml-addltlve nnethod and the like and produced by 
building up a conductor circuit of copper and the like and 
an interiamfnar resin insulating layer on a resin sub- 
strate, so-called a core, of approximately 0.6 to 1 .6 mm 
thickness and reinforced with glass cloths and the like 
serially in alternate fashion and in repetition. The Inter- 
connection of the conductor circuits through the Inter- 
laminar resin insulating layer of the multilayer printed 
circuit board is achieved by a vla-hoie. 
[0003] Conventionally, the multilayer-bullt-up printed 
circuit board is produced according to a method dis- 
closed In, for example, JP H09-1 30050 A and the like. 
[0004] That is, at first a through hole Is formed In a 
copper-laminated laminate substrate bearing a'copper 
foil and successively subjected to an electroless copper 
plating to complete the plated-th rough hole. Continu- 
ously, the surface of the substrate Is etched in a con- 
ductor pattern to form a conductor circuit, and on the 
surface of the conductor circuit, a ipughened surface Is 
formed by electroless plating, etching and the like. After 
a resin Insulating layer Is then fomied on the conductor 
circuit having the roughened surface, the resultant resin 
layer is subjected to exposure and development treat- 
ment to form an opening part for a via-hole and then the 
resin layer Is subjected to UV curing and main curing 
treatment to form an Interlaminar resin insulating layer. 
[0005] Further, after the interlaminar resin Insulating 
layer is subjected to roughening treatment by an acid, 
an oxidizing agent and the like, a thin metal layer Is 
formed thereon and a plating resist Is f onned on the met- 
al layer, and then thkjkened by electroplating. After the 
plating resist is separated, etching is carried out to form 
a conductor circuit connected with a conductor circuit of 
the lower layer through the via-hole. 
[0006] After these processes are repeated, a solder 
resist layer for protecting the conductor circuit is formed 
finally and then such part where an opening part is ex- 
posed to connect an electronic part such as an IC chip 
and a mother board is plated and successively a solder 
bump Is formed by printing a solder paste to complete 
the manufacture of a multilayer-built-up printed circuit 
board. 

[00071 *n manufacture of such a multilayer-bullt-up 
printed circuit board, In the case that a conductor circuit 



connected with a conductor circuit of a lower layer 
through a via-hole by carrying out electroless plating 
and electroplating, the opening part for a via-hole is not 
completely filled With a metal and as being shown in Fig. 
5 25, a recessed part is formed in the peripheral part of 
the via-hole. Incidentally, Fig. 25 Is a cross-section fig- 
ure illustrating the cross-section of a via-hole of a con- 
ventional multilayer printed circuit board. 

10 Summary of the invention 



[0008] As described above, In a multilayer-built-up 
printed circuit board, the upperface of the conductor cir- 
cuit, especially the peripheral part of a via-hole, is not 
IS flat, so that in the case of fonnlng an interlaminar resin 
insulating layer on the upper face of conductor circuit, 
the interlaminar resin insulating layer is sometimes 
waved to result in separation of the interlaminar resin 
insulating layer and crack formation and disconnection 
^ of the conductor circuit to be fomied on the upper layer 
of the interlaminar resin insulating layer as well. 
[0009] Further, a stack via structure (a structure in 
which a via-hole is fonned immediate above anothervia- 
hole, reference to Fig. 1 ) is required as a structure of a 
25 multilayer-bullt-up printed circuit board to shorten the 
wiring distance In orderto provide a printed circuit board 
with high speed perfonnance and fine structure. How- 
ever, since an opening part for a via-hole in a multllayer- 
built-up printed circuit board manufactured by a conven- 
30 tlonal method as described above Is not perfectly filled 
with a metal, it becomes difficult to form the stack via 
structure. 

[0010] The Inventors of the present invention have 
found based on the results of the enthusiastic Investlga- 
55 lion of the above described objects thai an opening part 
for a via-hole can perfectly be filled with a metal by using 
an electroplating solution containing a specified amount 
of an additive composed of a specified levelling agent 
and a brightener and that the upper face of a via-hole 
^0 and the upper face of a conductor circuit In the same 
layer can be kept approximately in the same plane and 
have achieved the present invention comprising the fol- 
lowing subject matter. 

[0011] That is, an electroplating solution of the 
45 present Invention Is an electroplating solution to be em- 
ployed for manufacturing a multilayer printed circuit 
board composed of a substrate bearing a conductor cir- 
cuit and, as serially layered thereon, a resin insulating 
layer and a conductor circuit In an alternate fashion and 
50 in repetition, characterized by containing 50 to 300 g/L 
of copper sulfate, 30 to 200 g/L of sulfuric acid, 25 to 90 
mg/L of chlorine Ion, and 1 to 1 000 mg/L of an additive 
comprising at least a levelling agent and a brightener. 
[0012] As the foregoing levelling agent, at least one 
substance selected from the group consisting of poly- 
ethylene, its derivatives, gelatin, and its derivatives is 
preferable to be used and as the foregoing brightener, 
at least one compound selected from the group conslst- 
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ing of sulfur oxide, compounds related to sulfur oxide, 
hydrogen sulfide, compounds related to hydrogen 
sulfide, and other sulfur connpounds is preferable to be 
used. 

[0013] A first nnethod tor nnanufacturing a multilayer 5 
printed cIrculL board of the present invention Is charac- 
terized by containing al least the following processes (a) 

to (e): 

(a) a process of forming a resin insulating layer hav- io 
ing an opening part for a vla-hole by exposure and 
development treatment or laser treatment; 

(b) a process of fonning a metal layer comprising at 
least one element selected from the group consist- 
ing of Cu, Ni, R Pd, Co and W on the surface of the is 
resin insulating layer and the opening part for a via- 
hole; 

(c) a process of fonning a plating resist on the fore- 
going metal layer; 

(d) a process of forming an electroplating film on a 20 
part un-coated with the foregoing plating resist us- 
ing an electroplating solution of the present inven- 
tion; and 

(e) a process of fonning a conductor circuit by etch- 
ing the metal layer existing under the foregoing plat- 25 
ing resist after the foregoing plating resist is sepa- 
rated. 

[00141 Further, a second method for manufacturing a 
multilayer printed circuit board of the present Invention 30 
comprises at least the following processes (a) to (d): 

(a) a process of fonning a resin Insulating layer hav- 
ing an opening part for a vla-hole by exposure and 
development treatment or laser treatment; 35 

(b) a process of forming a metal layer comprising at 
least one element selected from the group consist- 
ing of Cu, Ni, P, Pd, Co and W on the surface of the 
resin insulating layer and the opening partfor a via- 
hole; 40 

(c) a process of fonning an electroplating film on the 
metal layer using an electroplating solution of the 
present invention; and 

(d) a process of forming a conductor circuit by etch- 
ing after an etching resist is formed on the foregoing 45 

electroplating film, 

[0015] In the foregoing first and second method for 
manufacturing a multilayer printed circuit board of the 
present invention, the metal layer is preferable to be ^0 
fomned by sputtering, plating, or sputtering and plating 
In combination in the process (b). 
[0016] Further, the foregoing interlamlnar resin insu- 
lating layer is preferably at least one resin selected from 
the group consisting of a fluoro resin, a polyolefin type 55 
resin, and a poiyphenylenetype resin or a resin complex 
containing a thennoplastic resin and thennosetting res- 
in. 



[0017] Further, in the foregoing first and second meth- 
od for manufacturing a multilayer printed circuit board 
of the present invention , at least one substance selected 
from the group consisting of polyethylene, its deriva- 
tives, gelatin, and its derivatives Is preferable to be used 
as the foregoing levelling agent for the electroplating so- 
lution and at least one compound selected from the 
group consisting of sulfur oxide, compounds related to 
sulfur oxide, hydrogen sulfide, compounds related to hy- 
drogen sulfide, and other sulfur compounds is prefera- 
ble to be used as the foregoing brightoner for the elec- 
troplating solution. 

[001 8] A multilayer printed circuit board of the present 
invention is a multilayer printed circuit board comprising 
a substrate bearing a conductor circuit and, as serially 
layered thereon, a resin insulating layer and a conductor 
circuit in an alternate fashion and in repetition, wherein 
the conductor circuits neighboring in up and down direc- 
tion are connected through a via-hole, characterized in 
that the foregoing via-hole is filled with a metal, that the 
upper face of a via-hole and the upper face of a conduc- 
tor circuit in the same layer are kept approximately in 
the same plane and that the distance from the bottom 
face to the upper face of the foregoing via-hole is about 
2 to 7 times as long as the thickness of the foregoing 
conductor circuit. 

[0019] In the foregoing multilayer printed circuit 
board, the foregoing resin insulating layer is preferable 
to have a dielectric constant of 3.0 or lower at 1 GHz. 
[0020] Further, the foregoing multilayer printed circuit 
board is preferably manufactured by the foregoing first 
or second method for manufacturing a multilayer printed 
circuit board of the present invention. 

Brief description of the drawings 

[0021] 

Fig. 1 is a cross-section figure showing one cross- 
section of a multilayer printed cltx;ult board of the 
present Invention. 

Figs. 2 (a) to (d) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 3 (a) to (d) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 4 (a) to (d) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 5 (a) to (c) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 6 (a) to (c) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Fig. 7 (a) is a cross-section figure showing a part of 
processes of manufacturing a multilayer printed cir- 
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cuit board of the present invention. 
Figs. 8 (a) to (d) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present Invention. 
Figs. 9 (a) to (d) are cross-section figures showing s 
a pari of processes or manufacturing a multilayer 
printed circuit board or the present Invention. 
Figs. 10 (a) to (c) are cross-section figures showing 
a part of processes of manufacturing a muitllayer 
printed circuit board of the present invention. io 
Figs. 11 (a) to (c) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 12 (a) to (c) are cross-section figures showing 
a part of processes of manufacturing a multilayer is 
printed circuit board of the present invention. 
Figs. 1 3 (a) to (b) are cross-^sectlon figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 1 4 (a) to (d) are cross-section figures showing so 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 1 5 (a) to (d) are cross^section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 25 
Figs. 1 6 (a) to (d) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 17 (a) to (c) are cross-section figures showing 
a part of processes of manufacturing a multilayer 30 
printed circuit board of the present Invention. 
Figs. 18 (a) to (c) are cross-^sectlon figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs. 1 9 (a) to (d) are cross-section figures showing 3s 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs, 20 (a) to (d) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present Invention. 40 
Figs. 21 (a) to (d) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present Invention. 
Figs. 22 (a) to (c) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present invention. 
Figs; 23 (a) to (c) are cross-section figures showing 
a part of processes of manufacturing a multilayer 
printed circuit board of the present Invention. 
Fig. 24 is a microscopic picture showing the cross- so 
section of a via-hole of a multilayer printed circuit 
board of the present invention. 
Fig. 25 is a microscopic picture showing the cross- 
section of a via-hole of a conventional multilayer 
printed circuit board. S5 



Description of symbols 

[0022] 



1 


a substrate 


2a, 2b 


a resin complex 


2 


a resin insulating layer 


4 


an under-level conductor circuit 


4a 


a roughened surface 


5 


an upper layer conductor circuit 


6 


an opening part of via-hole 


7 


a via-hole 


8 


a copper foil 


9 


a plated-through hole 


9a 


a roughened surface 


10 


a resin filler 


11 


a roughened layer 


12 


a Nl-Cu alloy layer 


13 


electroplating layer 


14 


a solder resist layer 


15 


a nickel plating film 


16 


a gold plating film 


17 


a solder bump 



Detailed description of the invention 

[0023] At first, an electroplating solution of the present 
Invention will be described below. 
[0024] An electroplating solution of the present inven- 
tion Is an electroplating solution to be employed for man- 
ufacturing a multilayer printed circuit board composed 
of a substrate bearing a conductor circuit and, as serially 
layered thereon, a resin Insulating layer and a conductor 
circuit In an altemate fashion and in repetition, charac- 
terized by containing 60 lo 300 g/L of copper sulfate, 30 
to 200 g/L of sulfuric acid, 25 to 90 mg/L of chlorine Ion, 
and 1 to 1000 mg/L of an additive containing at least a 
levelling agent and a brightener. 
[0025] An electroplating solution of the present inven- 
tion makes it possible to perfectly fill an opening part of 
a via-hole and to form a via-hole (hereinafter such a via- 
hole may be referred as to a filled via) whose upperface 
and the upper face of a conductor circuit in the same 
layer are in approximately the same plane In the case 
where a multilayer printed circuit board Is manufactured 
using the electroplating solution. That Is, an electroplat- 
ing solution of the present invention is optimum for an 
electroplating solution for a filled via. 
[0026] The foregoing electroplating solution contains 
50 to 300 g/L of copper sulfate, 30 to 200 g/L of sulfuric 
acid, 25 to 90 mg/L of chlorine ion, and 1 to 1000 mg/L 
of an additive comprising at least a Jevelling agent and 
a brightener. 

[0027] In the foregoing electroplating solution, If the 
concentration of copper sulfate is less than 50 g/L, no 
filled via can be formed and If It exceeds 300 g/L, the 
dispersion of the plating film thickness becomes wide. 
P028] Further, if the concentration of sulfurte acid is 
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less than 30 g/L, the resistance of the solution Increases 
and electroplating becomes hard to take place and If It 
exceeds 200 g/L, copper sulfate is easily cr/stallized. 
[0029] Further, if the concentration of chlorine Ion is 
less than 25 mg/L, the gloss of a plating film is lowered 
and if il exceeds 90 mg/L, an anode Is hardly dissolved. 
[0030] By using an electroplating sol u lion with such a 
composition, a filled via can be formed regardless of the 
opening diameter of the vla-hole, the material and the 
thickness of a resin insulating layer and regardless of 
execution ot the surface roughening of the resin Insulat- 
ing layer. 

[0031] Furtherjf the foregoing electroplating solution 
is used in the case of manufacturing a multilayer printed 
circuit board, since the electroplating solution contains 
a high concentration of copper ion, copper ion can suf- 
ficiently be supplied to an opening partfora via-hole and 
the opening part of for a vla-hole can be plated at 40 to 
100 M-m/hr plating speed, thus the speed of the electro- 
plating process can be Increased. 
[0032] Further, since the foregoing electroplating so- 
lution contains sulfuric acid in a high concentration, the 
resistance of the solution can be lowered. The current 
density iS; therefore, increased and the growth of the 
plating film In an opening part for a vla-hole is not Inhib- 
ited and thus the electroplating solution is suitable for 
formation of a filled via structure. 
[0033] The desirable composition of the foregoing 
electroplating solution Is a composition containing 100 
to 250 g/L of copper sulfate, 50 to 150 g/L of sulfuric 
acid, 30 to 70 mg/L of chlorine ion, and 1 to 600 mg/L 
of an additive containing at least a levelling agent and 
a brightener. 

[0034] The foregoing additive Is sufficient it it contains 
at least a levelling agent and a brightener and may con- 
tain other components. 

[0035] At least one substance selected from the group 
consisting of polyethylene, its derivatives, gelatin, and 
Its derivatives, for example, is preferable to be used as 
the foregoing levelling agent. 

[0036] The foregoing polyethylene derivatives are not 
specifically limited and examples of them are polyethyl- 
ene isophthalate, polyethylene imine, poly(ethylene ox- 
ide), polyethylene glycol, polyethylene glycol ester, pol- 
yethylene glycol ether, polyethylene sulfide, polyether 
and the like. 

[0037] Among them, polyethylene glycol or gelatin Is 
desirable to be used. That Is because they are widely 
usable and do not damage a resin Insulating layer and 
a metal film. 

[0038] Further, as the foregoing brightener, for exam- 
ple, at least one compound selected from the group con- 
sisting of sulfur oxide, compounds related to sulfur ox- 
ide, hydrogen sulfide, compounds related to hydrogen 
sulfide, and other sulfur compounds is preferable to be 
used. 

[0039] The foregoing sulfur oxide and compounds re- 
lated to the sulfur oxide are not specifically limited, and 
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examples of them are sulfonic acid type compounds, 
sulfone type compounds, sulfurous acid type com- 
pounds, and other sulfur oxide compounds. 
[0040] Theforegoing sulfonic acid compounds are not 

5 specifically limited, and examples of them are suifoben- 
zoic acid, sulfobenicoaie, sulfoanLhraquinone, sulfo- 
meLhane, sulfoelhane, sulfocarbamide, suKosuccinic 
acid, sulfosucclnic acid ester, sulfoacetic acid, sulfosat- 
icylic acid, sulfocyanuric acid, sulfocyanogen, sulfocy- 

10 anic acid ester, suifonine, sulfovinic acid, sulfophthalic 
acid, sulfonic acid amide, sulfonic acid Imide and the 
like, and a sulfocarbonyl typo compound such as sulfo- 
carboanilide and the like. 

[0041 ] The foregoing sulfone compounds are not spe- 
15 cifically limited, and examples of them are sulfonal, sul- 
fonyldiacetic acid, sulfonyldiphenylmethane, sulfoxyllc 
acid, sulfoxylates, sulfonamide, sulfonimlde, sulfonyl 
chloride type compounds and the like. 
[0042] The foregoing sulfurous acid type compounds 
20 are not specifically limited, and examples of them are 
sulfurous acid, ammonium sulfite, potassium sulfite, di- 
ethyl sulfite, dimethyl sulfite, sodium hydrogen sulfite, 
sulfurous acid ester compounds and the like. 
[0043] The foregoing other sulfur oxide compounds 
25 are not specif leal ty limited, and sulfoxide and the like are 
examples. 

[0044] The foregoing hydrogen sulfide and its related 
compounds are not specifically limited, and examples 
of them are sutfonium connpounds, sulfonium salts and 
30 the like. 

[0045] The foregoing other sulfur compounds are not 
specifically limited, and bis-disulfide andthe like are ex- 
amples. 

[0046] An electroplating solution of the present inven- 
ts lion is capable of completely filling an opening part of a 
via-hole with a metal by further containing the foregoing 
brightener therein and forming the upper face of a via- 
hole and the upper face of a conductor circuit of the 
same layer in approximately the same plane by contaln- 
40 ing the foregoing levelling agent therein In the case of 
manufacturing multilayer printed circuit board. 
[0047] That is because the foregoing brightener ac- 
celerates plating precipitation on the opening part for a 
via-hole by activating the low current part of the opening 
45 part for a via-hole and also because the foregoing lev- 
elling agent suppresses the plating precipitation on the 
surface of the conductor circuit by being adsori^ed on 
the surface of the conductor circuit. 
[0048] The addition amount of the foregoing levelling 
so agent is preferably 1 to 1000 mg/L and the addition 
amount of the foregoing brightener Is preferably 0.1 to 
1 00 mg/L. The addition ratio of both is preferably (2:1) 
to (10: 1). 

[0049] If the addition amount of the foregoing levelling 
55 agent is too little, the amount of the levelling agent to be 
adsorbed on the surface of the conductor circuit is in- 
sufficient and it results in acceleration of precipitation on 
the conductor circuit. On the other hand, if the amount 
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of the levelling agent Is too much, the amount of the lev- 
elling agent to be adsorbed on the bottom part of the 
opening part lor a via-hole is rather too much and It re- 
suits in retardation of plating precipitation on the open- 
ing part for a vla-hole. 

[0050] Further, if the addition amount of the foregoing 
brighteneris loo little, the bottom of the opening part for 
a via-hole cannot sufficiently activated and therefore 
complete filling of the opening part for a via-hole with 
metal cannot be carried out by plating. On the other 
hand, if the amount is too much, the plating precipitation 
In the conductor circuit part is accelerated and a step Is 
formed between the upper face of the conductor circuit 
and the upper face of a vla-hole. 
[0051] An electroplating method using such an elec- 
troplating solution is not specifically limited, and the fol- 
lowing electroplating methods are applicable. 
[0052] That is, a general d.c. electroplating method (a 
DC plating method), a method (a PC plating method) in 
which electric current is controlled to be rectangular 
pulsed current by reciprocally repeating cathode current 
supply and interruption of the current supply, a pulse re- 
verse electroplating method (a PR plating method) in 
which electric current Is controlled by periodically re- 
versed waveforms by repeating reciprocal reverse of 
cathode current supply and anode current supply, and 
a method in which high density electric current pulses 
and low density electric current pulses are reciprocally 
applied as the cathode current. 
[0053] Among these methods, the d.c, electroplating 
method is preferable from a viewpoint that the method 
Is suitable for forming a filled via and that the method 
does not require a costly electric power source appara- 
tus and control apparatus In the case of manufacturing 
a multilayer printed circuit board. 
[0054] Next, a first method for manufacturing a multi- 
layer printed circuit board of the present invention will 
be described below. 

[0055] The first method for manufacturing a multilayer 
printed circuit board of the present invention comprises 
at least the following processes (a) to (e): 

(a) a process of forming a resin insulating layer hav- 
ing an opening part for a via-hole by exposure and 
development treatment or laser treatment; 

(b) a process of forming a metal layer comprising at 
least one element selected from the group consist- 
ing of Cu, Ni, P, Pd, Co and W on the surface of the 
resin insulating layer arid the opening part for a via^ 
hole; 

(c) a process of f omriing a plating resist on the fore- 
going metal layer; 

(d) a process of forming an electroplating film on a 
part un-coated with the foregoing plating resist us- 
ing an electroplating solution of the present inven- 
tion; and 

(e) a process of forming a conductor circuit by etch- 
ing the metal layer existing under the foregoing plat- 



ing resist after the foregoing plating resist Is sepa- 
rated. 

[0056] Hereinafter, the first method for manufacturing 
5 a multilayer printed circuit board of the present Invention 
will be descried along the order of the processes. 
[0057] (1 ) In the first method for manufacturing a mul- 
tilayer printed circuit board of the present invention, at 
first a substrate comprising an insulating substrate and 
10 a conductor circuit formed on the surface of the sub- 
strate is produced. 

[0058] As the insulating substrate, a resin substrate 
is preferable and practically, examples of the substrate 
are a glass-opoxy substrate, a polylmid© substrate, a 
15 btsmalelmidetriazine resin substrate, a fiuoro resin sub- 
strate, a ceramic substrate, a copper-laminated lami- 
nate plate and the like. 

[0059] In the method for manufacturing a multilayer 
printed circuit board of the present Invention, ^ through 
hole is fonmed in such an Insulating substrate by a drill 
and the lii^e and the wail face of the through hole and a 
copper foil surface are plated by electroless plating to 
form a surface conductive film and a plated-through 
hole. As the electroless plating, a copper plating is pref- 
erable. 

[0060] After the electroless plating, in general, the 
plated-through hole inner wall and the electroless plat- 
ing film surface are subjected to surface roughening 
treatment. Methods applicable to the roughening tr6at-^ 
ment are, for example, a blackening (oxidizing)-reduc- 
ing treatment, spraying treatment with an aqueous 
mixed solution of an organic acid and a cupric complex 
and a.treatment by Cu-NI-P acicuiar alloy plating and 
the like. 

[0061 ] (2) Next, a conductor circuit Is formed by fonn- 
ing an etching resist In a conductor circuit pattem on the 
substrate already plated by electroless plating and etch- 
ing the resultant substrate. After that, a resin filler is ap- 
plied to the substrate surface bearing the conductor cir- 
cuit, dried to be a half-cured state and then polished to 
grind the layer of the resin filler and the upper part of the 
conductor circuit and both main faces of the obtained 
substrate Is leveled. After that, the layer of the resin filler 
is completely cured. 

[0062] Incidentally, at the time of forming the layer of 
the resin filler, by using a mask fornned with an opening 
corresponding to the conductor circuit non forming area, 
only the conductor circuit non fontiing area where Is 
formed to be a recessed area by etching may be filled 
with the resin filler and then the foregoing polishing treat- 
ment is carried out. 

[0063] (3) Next, a roughened layer or a roughened 
face (hereinafter referred also as to a roughened layer) 
is fomied on the conductor circuit based on necessity. 
Methods as the roughening treatment method are, for 
example, blackening (oxidlzing)-reduclng treatment, 
spraying treatment with an aqueous mixed solution of 
an organic acid and a cupric complex and a treatmeiht 
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by Cu-NI-P acicular alloy plating and the like. 
[0064] (4) Next, based on necessity, a coating layer 
of tin, zinc, copper, nickel, cobalt, thallium, lead and the 
like is formed on the fomned roughened surface by elec- 
troless plating or vapor deposition. That Is because the 
conductor circuit exposed out from the. resin insulating 
layer can be protected from a roughening solution and 
an etching solution by precipitating the foregoing coat- 
ing layer in a thickness of 0.01 to 2 jim. Hence tamish- 
ment and dissolution of an inner layer pattern can relia- 
bly bo prevented 

[0065] (5) After that, an un -cured resin layer which is 
going to be a resin insulating layer by the following treat- 
ment is fomned on the conductor circuit on which the 
roughened layer is formed. 

[0066] Applicable as a material of the foregoing resin 
Insulating layer are a thermosetting resin, a thermoplas- 
tic resin, a partially photosensitized thennosetting resin, 
and composite resin thereof. 

[0067] The foregoing un-cured resin layer may be 
formed by applying an un-cured resin or by thennally 
laminating an un-cured resin film. A resin film, which is 
an un-cured resin film bearing a metal layer of such as 
a copper foil in one face may be stuck on as well. In the 
case of using such a resin film, the metal layer corre- 
sponding to a via-hole formation part is etched and then 
an opening part is formed by radiating laser beam. As 
the resin film bearing a metal layer, a copper-laminated 
resin can be used. 

[0068] Among those materials of the resin insulating 
layer, a polyolef in type resin, a polyphenylene type resin 
(PPE, PPO and the like), and a fluoro resin are prefer- 
able since they are suitable for forming a resin Insulating 
layer with a low dielectric constant. 
[0069] Examples of the foregoing polyolefin resin are 
above mentioned polyethylene, polypropylene, 
polyisobutylene, polybutadiene, poiyisoprene, 2-nor- 
bornane, 5-ethylidene-2-norbornane, and copolymers 
of these resins and examples of the foregoing fluoro res- 
in arc ethyl/tetrafluoroethylene copolymer resin (ETFE), 
poly(chlorotrifiuoroethylene) (PCTFE) and the like. 
[0070] Further, also applicable as a material of the 
foregoing resin insulating layer is a composite resin of 
the foregoing thermosetting resin and a thermoplastic 
resin. 

[0071] Examples of the foregoing thermoplastic resin 
are polysulfone (PSF), polyether sulfone (PES), 
polyphenylene sulfone (PPS), polyphenylene sulfide 
(PPES), polyphenylene ether (PPE), polyether Imide 
(PI), a phenoxy resin, a fluoro resin and the like. 
[0072] Among them, preferable ones are polysulfone 
(PSF), polyether sulfone (PES) , polyether imide (PI) , 
and/or a phenoxy resin. That is because they are par- 
ticularly suitable to form a resin insulating layer excellent 
in cracking resistance, shape retaining property owing 
to high heat resistance, excellent insulating property 
and high toughness value. 

[0073] Examples of the foregoing thermosetting resin 



are an epoxy resin, a phenol resin, a polylmide resin and 
the like. Further the foregoing thermosetting resin may 
be a photosensitized one and practically, those pro- 
duced by acrylation reaction of methacrylic acid oracryl- 

5 ic acid with a thermosetting group can be exemplified. 
Acrylated epoxy resins are particularly preferable. 
Among them, an epoxy resin having 2 or more epoxy 
groups in one molecule is especially desirable. 
[0074] Examples of the foregoing epoxy resin are a 

10 cresol novolak type epoxy resin, a bisphenol A-type' 
epoxy resin, a bisphenol F-type epoxy resin, a phenol 
novolak type epoxy resin, an aikylphenol novolak type 
epoxy resin, a biphenol F type epoxy resin, a naphtha- 
lene type epoxy resin, a dicyclopentadiene type epoxy 

15 resin, an epoxylated condensate of a phenol and an ar- 
omatic aldehyde having a phenolic hydroxy) group, trig- 
lycidyl Isocyanurate, and an alicyclic epoxy resin. They 
may be used solely or in combination of two or more of 
them. Consequently, excellent heat resistance can be 

20 provided. 

[0075] The mixing ratio of a thermoplastic resin and a 
thermosetting resin in the foregoing resin composite is 
preferably 95/5 to 50/50 = the thennosetting resin/the 
themnoplastic resin. That is because a high toughness 
25 value can be retained witiriout deteriorating the heat re- 
sistance. 

[0076] Further, the foregoing resin composite may be 
a photosensitive resin provided with photosensitivity. In 
the case where a photosensitive resin is used, an open- 
30 ing part for a via-hole can be fonned by exposure and 
development treatment. 

[0077] A concrete example of the foregoing resin 
composite is a resin composition for roughened surface 
formation containing particles soluble in an acid or an 

3S oxidizing agent (hereinafter, referred as to soluble par- 
ticles) being dispersed in a resin hardly soluble in an 
acid or an oxidizing agent (hereinafter, referred as to a 
hardly soluble resin) and the like. 
[0078] Incidentally, regarding the terms, hardly soiu- 

40 ble and soluble, those with relatively high dissolution 
rates are to be called soluble and those with relatively 
low dissolution rates are to be called hardly soluble for 
the sake of convenience in the case where resins are 
immersed In the same roughening solution for the same 

45 duration. 

[0079] Examples of the foregoing soluble particle are 
a resin particle soluble in an acid or an oxidizing agent 
(hereinafter referred as to a soluble resin particle), an 
inorganic particle soluble In an acid or an oxidizing agent 

so (hereinafter, referred as to a soluble inorganic particle), 
and a metal particle soluble in an acid or an oxidizing 
agent (hereinafter, referred as to a soluble metal parti- 
cle). These soluble particles may be used solely or in 
combination of two or more of them. 

55 [0080] The shape of the foregoing soluble particle is 
not specifically limited, and may be spherical and 
crushed state. Addition to that, the shape of the forego- 
ing soluble particle is preferably evenly shaped. That is 
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because a roughened surface with uniform roughness 
can be formed. 

[0081] The average particle size of the foregoing sol- 
uble particle is preferably 0.1 to 10 |xm. TWo or more 
l<lnds of particles with different particle sizes may be 
used if their panicle sizes are within the range. That is, 
a soluble panicle with the average particle size of 0.1 to 
0.5 ^tm and a soluble particle with the average particle 
size of 1 to 3 liru may be contained together. Conse- 
quently, further complicated roughened face can be 
formed and a high adhesion strength to a conductor cir- 
cuit can be achieved. Incidentally, in this specification, 
the particle size of a soluble particle means the length 
of the longest part of the soluble particle. 
[0082] The foregoing soluble resin particle is not spe- 
cifically limited unless the resin particle has a higher dis- 
solution rate than that of the foregoing hardly soluble 
resin In the case where the particle Is Immersed In an 
acid or an oxidizing agent and Its concrete examples are 
an epoxy resin, a phenol resin, a polylmlde resin, a 
polyphonylene resin, a polyolefin resin, a fluoro resin, 
an amino resin (a melamine resin, an urea resin, agua- 
namine resin) and the like and may be used solely or a 
mixture of two or more of them. 
[0083] Those preferable to be used as the soluble res- 
in particle are (a) a soluble resin powder with the aver- 
age particle size of 1 0 fim or smaller, (b) an agglomer- 
ated particle produced by agglomeration of a soluble 
resin powder with the average particle size of 2 fim or 
smaller, (c) a mixture of a soluble resin powder with the 
average particle size of 2 to 10 \irc\ and a soluble resin 
powder with the average particle size of 2|xm orsmaller, 
(d) a pseudo particle produced by stacking a soluble res- 
in powder and/or an Inorganic powder, the average par- 
ticle size of those are 2 ^m or smaller, to the surface of 
a soluble resin powder with the average particle size of 
2 to 10 |Am, (e) a mixture of a soluble resin powder with 
the average particle size of 0.1 to 0.8 ^m and a soluble 
resin powder with the average particle size larger than 
0.8 ixm and smaller than 2 )j.m, and (f) a soluble resin 
powder with the average particle size of 0.1 to 1 .0 \im. 
Because they can form more complicated anchors. 
[0084] Further, as the soluble resin particle, a resin 
particle of rubber can be used. Examples of the forego- 
ing rubber is polybutadiene rubber, variously modified 
polybutadlene rubber such as an epoxy-modlfied one, 
an urethane-modified one, (meth)acrylonitrile-modlfled 
one and the like, and (meth)aGrylonitrile-butadiene rub- 
ber containing carboxyl group. By using such rubber, the 
soluble resin particle is made easy to be dissolved in an 
acid or an oxidizing agent, in other words, in the case 
of dissolving a soluble resin particle In an acid, the par- 
ticle can be dissolved In an acid other than a strong acid 
and in the case of dissolving a soluble resin particle in 
an oxidizing agent, the particle can be dissolved even 
in penmanganic acid with a relatively weak oxidative ca- 
pability. Further in the case of dissolving In chramic acid, 
the dissolution can be carried out in a low concentration. 



For that, neither an acid nor an oxidizing agent remain 
on the surface of the resin and as it will be described 
somewhere later, so that such a case where no catalyst 
is provided or where a catalyst is oxidized at the time 
5 when a catalystsuch as a palladium chloride is supplied 
after the roughened surface formation can be avoided. 
[0085] Examples of the foregoing soluble inorganic 
particles are particles of one or more substances select- 
ed from the group consisting of an aluminum compound, 
10 a calcium compound, a potassium compound, a mag- 
nesium compound, and a silicon compound. 
[0086] Examples of the foregoing aluminum com- 
pound are alumina and aluminum hydroxide, examples 
of the foregoing calcium compound are calcium carbon- 
15 ate, calcium hydroxide, an example of the foregoing po- 
tassium compound is potassium carbonate, examples 
of the foregoing magnesium compound are magnesia, 
dolomite, basic magnesium carbonate, and examples 
of the foregoing silicon compound are silica and a zeo- 
lite. They may be used solely or in combination of two 
or more of them. 

[0087] Examples of the foregoing soluble metal parti- 
cle are particles of one or more metals selected from the 
group consisting of copper, nickel, Iron, zinc, lead, gold, 
silver, aluminum, magnesium, calcium, and silicon. Fur- 
ther, In order to keep insulating property, these soluble 
metal particles may be coated with resin in the surface. 
[0088] In the case of using two or more of these sol- 
uble particles are used as a mixture, the combination of 
the two types of soluble particles is preferably a cbmbh 
nation of a resin particle and an inorganic particle. That 
Is because, owing to low conductivity of both, the Insu- 
lating property between upper and lower conductor cir- 
cuits can reliably be retained and the thermal expansion 
In relation to an hardly soluble resin Is easy to be con- 
trolled and no crack Is formed In a resin Insulating layer 
and no separation occurs between the resin insulating 
layer and the conductor circuit. 

[0089] As the foregoing hardly soluble resin, those ap- 
plicable are any resin which can maintain the roughened 
surface shape at the time of forming a roughened sur- 
face on a resin insulating layer using an acid or an oxi- 
dizing agent and a mixture of the foregoing thermoplas- 
tic resin and the foregoing themiosettlng resin may be 
used. 

[0090] In the case where a resin composition for 
roughened surface formation Is used for the foregoing 
resin composite, the foregoing soluble particle Is prefer- 
able to be approximately evenly dispersed In the fore- 
going hardly soluble resin. That is because a roughened 
surface with unlfomi roughness can be formed and high 
adhesion to a conductor circuit including a vla-hole can 
reliably be fonmed. 

[0091 1 Further, a film containing a soluble particle may 
be used only for the surface layer part to f omn a rough- 
ened surface thereon. In this case, since any parts ex- 
cept the surface layer part of the film are protected from 
exposure to an acid or an oxidizing agent, the insulating 
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property of conductor circuits having a resin insulating 
layer between them can reliably be maintained. 
[0092] Jne mixing ratio by weight of the foregoing sol- 
uble particie is preferably 5 to 50 wt.% to the solid con- 
tent of the hardly soluble resin and further preferably 1 0 
to 40 wi.%. 

[0093] If the mixing weight ratio of the soluble resin Is 
lessthan 5 wt.%. a roughened surface with the sufficient 
roughness cannot sometimes be formed and in the case 
of exceeding 50 wt.%, the insulating property between 
upper and lower conductor circuits having a resin insu- 
lating layer between them cannot sufficiently be main- 
tained and it sometimes results in occurrence of short 
circuit since dissolution of the resin insulating layer 
reaches even in deeper part at the time of roughened 
surface formation by dissolving the soluble resin particle 
with an acid or an oxidizing agent. 
[0094] The foregoing resin composition for rough- 
ened surface fomnation is preferable to contain a hard- 
ening agent and other components other than the fore- 
going thennoplastic resin and the foregoing thermoset- 
ting resin. 

[0095] Examples of the foregoing hardening agent 
are an imidazole type hardening agent, an amine type 
hardening agent, a guanidine type hardening agent, 
epoxy adducts of these hardening agents, microcapsu- 
lated ones of these hardening agents, and an organic 
phosphine type compound such as triphenylphosphine, 
tetraphenylphosphonium tetraphenyl borate, and the 
like. 

[0096] The content of the foregoing hardening agent 
Is preferably 0.05 to 10 wt.% to a resin composition for 
roughened surface formation. If less than 0.05 wt.%, the 
resin composite is not sufficiently cured at the time of 
forming a resin insulating layer and the degree of pen- 
etration of a resin film with an acid becomes high at the 
time of forming a roughened surface on the resin insu- 
lating layer using an acid or an oxidizing agent and it 
sometimes results in deterioration of the insulating prop- 
erty of the resin insulating layer. On the other hand, if 
the content exceeds 10 wt.%, the excess hardening 
agent component sometimes denatures the resin com- 
position, resulting in decrease of the reliability. 
[0097] The foregoing other components include fillers 
of inorganic compounds and resins which do not affect 
the formation of a roughened surface, 
[0098] Examples of the inorganic compounds are sil- 
ica, alumina, dolomite and the like and examples of the 
resin are a polyimide resin, a polyacrylic resin, a polya- 
mideimide resin, a polyphenylene resin, a melamine 
resin, an olefin type resin and the like. By adding such 
a filler, confonnation of the thermal expansion coeffi- 
cient and the heat resistance and the chemical resist- 
ance can be improved and the properties of a multilayer 
printed circuit board can further be improved. 
[0099] Further, the foregoing resin composition for 
roughened surface formation may contain a solvent. Ex- 
amples of the foregoing solvent are ketones such as ac- 



etone, methyl ethyl ketone, and cyclohexanone and ar- 
omatic hydrocarbons such as ethyl acetate, butyl ace- 
tate, cellosolve acetate, toluene, xylene and the like. 
They may be used solely or in conribination of two or 

5 more of them. 

[0100] By fomning a resin insulating layer using the 
foregoing resin composite, a roughened surface can 
easily be formed on the resin insulating layer and further 
at the time when a plating layer is formed on the resin 

10 insulating layer bearing the roughened surface thereon 
by employing an electroplating solution of the present 
invention, stress generated in the plating layer is not so 
high and the stress is moderated, so that no crack and 
no separation are caused in the resin insulating layer. 

15 Especially, preferable effects are obtained in the periph - 
eral part of a filled via. 

[0101] (6) Next, a resin insulating layer having an 
opening part for a via-hoie is formed by exposure and 
development treatment or laser treatment. 

20 [0102] The formation of the opening part of the via- 
hole is carried out using laser beam and oxygen plasma 
in the case where the resin matrix of the resin composite 
is a thermosetting resin, a polyolefin type resin, and a 
cycloolefin type resin. In the case where the resin matrix 

25 is a photosensitive resin, the fomnation is candied out by 
exposure and development treatment or laser treat- 
ment. The exposure and development treatment is car- 
ried out before the hardening of a not-yet-cured photo- 
sensitive resin layer. The foregoing laser treatment may 

30 be carried out regardlessly before or after the thenmal 
hardening or the photo hardening. 
[0103] Further, the exposure and development treat- 
ment is carried out by closely setting a photomask (a 
glass substrate is preferable) drawing a circular pattern 

35 for opening part formation for a via-hole on a photosen- 
sitive resin insulating layer in the state that the circular 
pattern side is kept on the resin layer side, exposing the 
resultant resin insulating layer, and either immersing the 
resin insulating layer in a development solution or spray- 

^ ing the solution to the resin insulating layer. 

[0104] By hardening the uncured resin insulating lay- 
er formed on a conductor circuit having a sufficiently 
roughened face, an resin insulating layer with a high ad- 
hesion strength to the conductor circuit can be formed. 

45 [0105] In the case of forming an opening part for a via- 
hoie by using the foregoing laser beam, the laser beam 
to be employed is carbon dioxide (COg) laser, UV laser, 
excimer laser. YAG laser and the like. Among them, 
preferable are excimer laser and carbon dioxide gas la- 

so ser in short pulses. 

[0106] This is because; the excimer laser, as de- 
scribed later, is capable of forming a large number of the 
opening part forthe via-hole at onetime by using a mask 
formed with the through hole in the parts corresponding 

55 to the positions for fomning the opening part for the via- 
hole and the short pulsed carbon dioxide gas laser 
scarcely leaves resin residues in opening parts and 
slightly damages the resin in the peripheral parts of 
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opening parts. 

[0107] Further, a hologram-method exciitier laser as 
the exclmer laser is preferable to be ennployed. The 
hologram way means the a manner tor radiating laser 
beam to an object matter through hologram, a condens- 
er, a laser mask, a transfer lens and the like and by em- 
ploying this manner, a large number of opening parls 
are efficiently formed one time radiation. 
[0108] In the case of employing carbon dioxide gas 
laser, the pulse intervals are preferably 1 to 1 Qr^ sec- 
ond. Further, the duration of the laser radiation for form- 
ing an opening part is preferably 1 0 to 600 ii second. 
[0109] In the case of employing excimer laser, the 
through hoie of a mask fomned with the a through hole 
in the part corresponding to the position of the part to 
form the opening part for the vla-hole are required to be 
in a true circular shape in order to mal<e the spot shape 
of the laser beam true circular, and the diameter of the 
foregoing through hole Is preferably around 0.1 to 2 mm. 
[01 10] In the case of forming an opening part by laser 
beam, especially by using carbon dioxide gas laser, de- 
smearing treatment is preferably to be carried out The 
foregoing de-smearing treatment can be carried out us- 
ing an oxidizing agent of an aqueous solution of chromic 
acid or a permanganic acid salt. Further, the treatment 
may be carried out using oxygen plasma, plasma of a 
mixture of CF4 and oxygen, corona discharge and the 
like. Further the surface may be modified by radiating 
UV rays using a low pressure mercury lamp. 
[01 11 ] (7) Next, the surface roughening is carried out 
tor a resin insulating layer on which an opening part for 
a via-hole Is fomned based on the necessity. In the case 
a resin composition for roughened surface formation Is 
used as a material for the resin Insulating layer, the 
roughening treatment is, for example, candied out by dis- 
solving and removing a soluble resin particle existing on 
the surface of the resin insulating layer with an acid or 
an oxidizing agent. 

[01 123 The height of the roughened surface to be 
formed by acid treatment and the like preferably satis- 
fies the condition of Rmax = 0.01 to 20 p.m. That Is in 
order to assure a high adhesion strength to a conductor 
circuit. Especially, in the case of a semi-additive method, 
the height is preferably 0.1 to 5 \im. Beciause a metal 
layer can be removed while keeping high adhesion 
property. 

[0113] in the ease of carrying out such acid treatment, 
phosphoric acid, hydrochloric acid, sulfuric acid, or an 
organic acid such as formic acid and acetic acid may be 
used and especially an organic acid is preferable to be 
used because these hardly cause corrosion of a metal 
conductor layer exposed out a via-hole in the case of 
forming a roughened surtace. 

[01 14] Theforegoing oxidation treatment, chromic ac- 
id and a penmanganic acid salt (potassium pennanga- 
nate) is preferably used. 

[01 15] (6) Next, a thin metal layer of at least one ele- 
ment selected from the group consisting of Cu, Ni, P, 



Pd, Co and W Is formed on the surface of a resin insu- 
lating layer and an opening part for a via-hole, 
[01 16] The thickness of a metal layer is preferably 0,1 
to 5 fim and further preferably 0.6 to 2p,m. The foregoing 

5 metal layer is preferably formed by sputtering, plating, 
or in combination o\ sputtering with plating. 
[Oil 7] (9) Next, a plating resist Is formed on the metal 
layer formed by the foregoing process (8). 
[0118] As the foregoing plating resist, a photosensi^ 

10 tive dry film and a liquid state resist sold on the market 
may be used. 

[0119] Further, the foregoing resist can be formed by 
sticking a photosensitive dry film or applying a liquid 
state resist and then carrying out exposure with UV rays 

15 and development with an aqueous alkaline solution. 
[0120] (10) Next, using an electroplating solution of 
the present invention, an electroplating film is formed on 
parts un-coated with the resist formed by the process 
(9). That is perfomried by Immersing a substrate bearing 

20 the foregoing metal layer and plating resist formed ther- 
eon in the foregoing electroplating solution. As a level- 
ling agent to be contained to theforegoing electroplating 
solution, it Is preferable to use one or more substances 
selected from the group consisting of polyethylene, its 

25 derivatives, gelatin and Its derivatives and as the bright- 
ener to be contained to the foregoing electroplating so- 
lution, it is preferable to use one or more compounds 
selected from the group consisting of sulfur oxide, corn- 
pounds related to It, hydrogen sulfide, compounds re- 

30 lated to it, and other sulfur compounds. 

[0121] As the electroplating, an electrolytic copper 
plating is preferable and the thickness is preferable 3 to 
25 p.m in the conductor circuit parts except a vlarhole. If 
the thickness Is thinner than 3 pm, the upper face of a 

35 vla-hole and the upper face of a conductor circuit in the 
same layer are sometimes not conformed to each other 
in approximately the same plane, and If a conductor cir- 
cuit with a Ihlckness exceeding 25 pm is tried to be 
formed, the thickness of the plating resist Is made thick 

40 and It sometimes occurs that the electroplating solution 
hardly penetrates the parts where no plating resist is 
formed. The thickness is further preferably 5 to 15 fim. 
Further, the distance between the bottom face of a 
formed via-hole to the upper face Is preferably 2 to 7 

45 times as long as the thickness of the foregoing conduc- 
tor circuit part. 

[0122] As a method for the foregoing electroplating is 
not specifically limited, and as described above, a d.c. 
electroplating method is preferable to be employed. 

50 [0123] (11) Next, after the foregoing plating resist Is' 
parted by an aqueous strongly alkaline solution andthen 
the metal layer existing beneath is etched. Thus, an up- 
per layer conductor circuit and a vla-hole are Independ- 
ently patterned. 

55 [0124] Methods applicable to the foregoing etching 
may be chemical etching using an aqueous sulfuric acid/ 
hydrogen peroxide solution, an aqueous solution of fer- 
ric chloride, cupric chloride, and persulfates such asam- 
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monium persulfate and physical etching such as ion 
beam etching. 

[0125] Palladium catalyst nuclei exposed In the parts 
other than conductor circuit parts are removed by being 
dissolved by chromic acid, sulfuric acid, hydrogen per- 
oxide and Ihe like. 

[0126] (12) If necessary, the processes (3) lo (11) are 
repeated and electro less plating or etching is carried out 
for a conductor circuit In the uppermost layer in the same 
conditions as those of the foregoing process (3) to form 
a roughened layer or a roughened face on the conductor 
circuit in the uppermost layer. 

[0127] Next, a solder resist layer is formed on the sub- 
strate surface including the conductor circuit in the up- 
permost layer. As the foregoing solder resist layer, ex- 
amples are a polyphenylene ether resin, a polyolefin 
resin, afluoro resin, a thermoplastic elastomer, a solder 
resist resin composition and the lil<e. 
[0128] The foregoing solder resist layer is formed by 
applying an un-cured resin (a resin composition) by a 
roll coater method and then carrying out the above de- 
scribed opening treatment and the hardening treatment. 
[0129] Examples of the foregoing solder resist resin 
composition are a thermosetting resin containing a no- 
volaktype epoxy resin (meth)acrylate, an imidazole cur- 
ing agent, bif unctional meth)acrylic acid ester monomer, 
a polymer of (meth)acryllc aid ester with 600 to 5000 
molecular weight and bisphenol type ester resins,, and 
a paste type fluid containing a photosensitive monomer 
of such as a polyvalent acrylic monomer and a glycol 
ether type solvent and the viscosity is preferably adjust- 
ed to be 1 to 1 0 Pa • s at aS'C. 

[0130] Examples of the foregoing novolaktype epoxy 
resin (meth) aery late are epoxy resins produced by re- 
action of acrylic acid or methacrylic acid with glycidyl 
ether of phenol novolak or cresol novolak. 
[0131] The foregoing bif unctional (meth)acrylic acid 
ester monomer Is not specifically limited, and esters of 
acrylic acid and methacrylic acid with various kinds of 
diols are example. 

[0132] After that, a solder bump is formed in the open- 
ing part In the foregoing solder resist layer to complete 
the manufacturing processes of a multilayer printed cir- 
cuit board of the present invention. 
[0133] In addition to that, a letter printing process for 
forming product-identifying letters and oxygen, or tetra- 
chloromethane plasma treatment may properly be car- 
ried out for the sake of modifying the solder resist layer 
when necessary. 

[0134] Fig. 1 Is a cross-section figure of one cross- 
section of a multilayer printed circuit board of the present 
invention and the first method for manufacturing* the 
multilayer printed circuit board of the present Invention 
is capable of manufacturing a printed circuit board in 
which, as being shown in Fig. 1, an opening part for a 
via-hole is completely filled with a metal and the upper 
face of a via-hole 7 and the upper face of a conductor 
circuit 4, 5 In the same layer are in approximately the 



same plane and further is capable of manufacturing a 
printed circuit board having a stack via stmcture. Inci- 
dentally, the stack via stnjcture Is a structure having a 
via-hole 7 and an another via-hole 7 immediate above 

s the via-hole 7 in an upper layer. 

[0135] Next, a method Tor manufacturing a multilayer 
primed circuit board according to the second method of 
the present Invention will be described. 
[0136] The second method for manufacturing a mul- 

10 tilayerprinted circuit board of the present invention com- 
prises at least the following processes (a) to (d): 

(a) a process of fomning a resin insulating layer hav- 
ing an opening part for a via-hole by exposure and 

15 development treatment or laser treatment; 

(b) a process of fomning a metal layer comprising at 
least one element selected from the group consist- 
ing of Cu, Ni. P, Pd, Co and W on the surface of the 
resin insulating layer and the opening part for a vta- 

20 hole: 

(c) a process of forming an electroplating film on the 
metal layer using an electroplating solution of the 
present invention; and 

(d) a process of fomning a conductor circuit by etch- 

29 ing after an etching resist is formed on the foregoing 
electroplating film. 

[0137] Hereinafter, the second method for manufac- 
turing a multilayer printed circuit board of the present 

30 Invention will be descried along the order of the proc- 
esses. 

[0138] Incidentally, the foregoing second method for 
manufacturing a multilayer printed circutt board of the 
present invention only differs from the foregoing the first 

35 method for manufacturing a mullilayer printed circuit 
board of the present invention in the foregoing process- 
es (c) and (d) and other than these processes (c) and 
(d), the same method as the first method of the present 
invention for manufacturing a multilayer printed circuit 

40 board may be employed to perform the method. Conse- 
quently, here, mainly the processes (c) and (d) of the 
foregoing second method for manufacturing a multilayer 
printed circuit board of the present Invention will be de- 
scribed. 

45 

(1 ) At first, a thin metal layer is fonmed on the fore- 
going insulating layer and opening partof a via-hole 
in the same manner as those of the processes (1) 
to (8) of the method for manufacturing a multilayer 

so printed circuit board according to the first method of 
the present invention. 

(2) Following that, using an electroplating solution 
of the present invention, an electroplating film is 
formed on the metal layer formed In the process (1). 

55 jt is performed by immersing a resultant substrate 
bearing the foregoing metal layer formed thereon in 
the foregoing electroplating solution. Additionally, 
as a levelling agent to be contained to the foregoing 
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electroplating solution, at least one substance se- 
lected from the group consisting of polyethylene, Its 
derivatives, gelatin, and its derivatives is preferable 
to be used and as a brightener to be contained to 
the foregoing electroplating solution, at least one 5 
compound selected from the group consisting of 
sulfur oxide, oonnpounds related to sulfur oxide, hy- 
drogen sulfide, compounds related to hydrogen 
sulfide, and othersulfurcompounds is preferable to 
be used. io 

As the electroplating, an electrolytic copper 
plating Is preferable and the thickness Is preferably 
3 to 25 ^inrj In the conductor circuit parts except a 
via-hole. If the thickness is thinner than 3 |xm, the 
upperf ace of a via-hole and the upper face of a con- is 
ductor circuit in the same layer are sometimes not 
conformed to each other in approximately the same 
plane and disconnedtion of a conductor circuit 
sometimes takes place, and if the thickness ex- 
ceeds 25 ixm, an electroplating layer and a metal 20 
layer are sometimes not completely removed at the 
time of etching. The thickness is further preferably 
5 to 15 pjn. Also, the distance between the bottom 
face of a formed via-hole to the upper face is pref- 
erably 2 to 7 times as long as the thidkness of the 25 
foregoing conductor circuit part. 

Although the foregoing electroplating method Is 
not specifically limited, as described above, ad.c. 
electroplating method is preferable to be employed. 

(3) Further, after an etching resist is formed on the 30 
electroplating film, etching Is carried out to fomn a 
conductor circuit. 

As the foregoing etching resist, a photosensi- 
tive dry film and a liquid state resist sold on the mar- 
ket may be used. 35 

Further, after a photosensitive dry film is stuck 
or a liquid state resist is applied, exposure with UV 
rays and development with an aqueous alkaline so- 
lution are carried out. 

(4) Next, a metal layer and an electroplating layer ^0 
corresponding to the conductor circuit non forming 
area removed by etching and then the etching 
resist Is parted by an aqueous strong alkaline solu- 
tion to form independently pattemed an upper layer 
conductor circuit and a vla-hole. 45 

Methods applicable to the foregoing etching 
may be chemical etching using an aqueous sulfuric 
acid/hydrogen peroxide solution, an aqueous solu- 
tion of ferric chloride, cupric chloride, and persul- 
fates such as ammonium persulfate and phystoal so 
etching such as Ion beam etching. 

Palladlunn catalyst nuclei exposed In the parts 
other than conductor circuit parts are removed by 
being dissolved by chromic acid, sulfuric acid, hy- 
drogen peroxide and the like. 

(5) Further, based on the necessity, as same in the 
method for manufacturing a multilayer printed cir- 
cuit board according to the first method of the 



present invention, processes from the process of 
forming a roughened layer on the conductor circuit 
surface to the process (the foregoing process (4)) 
of forming the conductor circuit are repeated and 
after that, a roughened layer or a roughened face 
on the conductor circuit Is fomned in the uppermost 
layer. 

[0139] Next, as same in the first method for manufac- 
turing a multilayer printed circuit board of the present 
Invention, a solder resist layer is formed and after that, 
a solder bump Is formed in the opening part in the fore- 
going solder resist layer to complete the multilayer print- 
ed circuit board manufacturing according to the second 
method for manufacturing a multilayer printed circuit 
board of the present invention. 

[0140] Next, a multilayer printed circuit board of the 
present Invention will be described. 
[0141 ] A multilayer printed circuit board of the present 
invention is a multilayer printed circuit board comprising 
a substrate bearing a conductor circuit and, as serially 
layered thereon, a resin insulating layer and a conductor 
circuit in an alternate fashion and in repetition, wherein 
the conductor circuits neighboring in up and down direc- 
tion are connected through a via-hole, characterized in 
that the foregoing vla-hole is filled with a metal, that the 
upper face of a via-hole and the upper face of a conduc- 
tor circuit in the same layer are kept approximately in 
the same plane and that the distance from the bottom 
face to the upper face of the foregoing via-hole Is about 
2 to 7 times as long as the thtekness of the foregoing 
conductor circuit. 

[0142] In a multilayer printed circuit board of the 
present Invention, since the opening part for a vla-hoie 
is completely filled with a metal and the upper face of 
the foregoing via-hole and the upper face of the forego- 
ing conductor circuit In the same layer are approximately 
in the same plane, no separation or no crack occurs be- 
tween a conductor circuit including a via-hole and a resin 
Insulating layer and also disconnection of a conductor 
circuit in the upper layer of the conductor circuit does 
not take place. Further, the foregoing multilayer printed 
circuit board cian be provided with a stack via structure 
with which the wiring distance is shortened In order to 
provide a printed circuit board with a high speed and fine 
structure. 

[0143] As a multilayer printed circuit board of the 
present invention, those with the structure illustrated in 
Fig. 1 are examples. 

[0144] In a multilayer printed circuit board of the 
present invention, the distance from the bottom face to 
the upper face of a via-hole is 2 to 7 times as long as 
the thickness of the conductor circuit. 
[0145] In the case of a printed circuit board comprising 
a conductor circuit having the distance from the bottom 
face to the upper face of a vla-hole e>^ceeding 7 times 
as long as the thickness of the conductor circuit, the 
opening part for the via-hole is difficult to be completely 
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fiiled with a metal and therefore the upper face of the 
via-hole and the upper face of the conductor circuit in 
the sanne layer cannot sonnetime be approximately In 
the same plane to mal<e it difficult to form a stack via 
structure. On the other hand the shallower the depth of 
an opening pan of a via-hole Is, Ihe easier the Hlled via 
structure is fomned, however in ihe case of a printed cir- 
cuit board comprising a conductor circuit having the dis- 
tance from the bottom face to the upper face of the via- 
hole less than 2 times as long as the thickness of the 
conductor circuit, the upper face of the via-hole some- 
times becomes higher than the upper face of the con- 
ductor circuit and disconnection of the conductor circuit 
sometimes takes place. 

[0146] A resin insulating layer of the foregoing multi- 
layer printed circuit board is preferable to have a dielec- 
tric constant of 3.0 or lower at 1 GHz. 
[0147] By using a resin insulating layer with a dielec- 
tric constant of 3.0 or lower, delay and errors related to 
the electron signals can be prevented even in the case 
the multilayer printed circuit board is used In a high fre- 
quency band of 1 GHz or higher 
[01 48] Resins to be used for the foregoing resin insu- 
lating layer may be the same resins as those used in the 
first or the second method for manufacturing a multilayer 
printed circuit board of the present invention. 
[0149] Such a multilayer printed circuit board of the 
present invention is preferable to be manufactured by 
theflrst orsecond method formanufactu ring amuitilayer 
printed circuit board of the present Invention. 

Best mode for carrying out the Invention 

[0150] Hereinafter the present invention will be de- 
scribed in detail along with examples. 

(Example 1) 

A. Preparation of a resin composite (an adhesive for an 
upper layer) 

[0151] 

(i) A mixture composition was produced by blending 
35 parts by weight of a resin solution produced by 
dissolving 80 wt. % of a cresol novolaktype epoxy 
resin acrylated in 25% (made by Nippon Kayaku 
Co., Ltd.: molecular weight 2,500) in diethylene gly- 
col dimethyl ether (DMDG), 3.15 parts by weight of 
a photosensitive monomer (made by Toagosei 
Chemical Industry Co., Ltd.: Aronix M 315), 0.6 
parts by weight of a defoaming agent (made by San 
Nopco Ltd.: S-65), and 3.6 parts by weight of N- 
methylpyrrolidone (NMP) in a container and mixing 
and stirring them. 

(11) Another mixture composition was produced by 
blending 1 2 parts by weight of polyether sulf one 
(PES), 7.2 parts by weight of an epoxy resin particle 



(made by Sanyo Chemical Industries, Ltd.: 
Polymerpol) with the average particle size of 1 .0 |xm 
and 3.09 parts by weight of the particle with the av- 
erage particle size of 0.5 |im In another container 
s and mixing and stirring the mixture and then further 
adding 30 parts by weight of NMP and mixing and 
slirring the resultant mixture by a bead mill, 
(iii) A mixture composition was produced by blend- 
ing 2 parts by weight of an imidazole curing agent 
io (made by Shikoku Chemicals Corp.: 2E4MZ-CN), 2 
parts by woight of a photopolymcrization initiator 
(made by Chiba Speciality Chemicals Corp,: Irga- 
cure 1-907), 0.2 parts by weight of a photosensitizer 
(made by Nippon Kayaku Co., Ltd.: DETX-S) and 
15 1 .5 parts by weight of NMP in further another con- 
tainer and mixing and stirring the mixture. 

[0152] A resin composite was produced by mixing the 
mixture compositions produced as (i), (11) and (iii). 

B. Preparation of a resin composite (an adhesive for an 

underlayer) 

[0153] 

(i) A mixture composition was produced by blending 
35 parts by weight of a resin solution produced by 
dissolving 80 wt. % of a cresol novolak type epoxy 
resin acrylated in 25% (made by Nippon Kayaku 
Co., Ltd.: mofecularweight 2,500) in diethylene gly- 
col dimethyl ether (DMDG), 4 parts by weight of a 
photosensitive monomer (made by Toagosei 
Chemical Industry Co., Ltd.: Aronix M 315), 0.5 
parts by weight of a defoaming agent (made by San 
Nopco Ltd.: S-65), and 3.6 parts by weight of N- 
methylpyrrolidone (NMP) in a container and mixing 
and stirring them. 

(11) Another mixture composition was produced by 
blending 12 parts by weight of polyether sulfone 
(PES) and 1 4.49 parts by weight of an epoxy resin 
particle (made by Sanyo Chemical Industries, Ltd.: 
Polymerpol) with the average particle size of 0.5 in 
another container, mixing and stirring the mixture, 
and then further adding 30 parts by weight of NMP 
and mixing and stirring the resultant mixture by a 
bead mill. 

(ill) A mixture composition was produced by blend- 
ing 2 parts by weight of an imidazole curing agent 
(made by Shikoku Chemicals Corp.: 2E4MZ-CN, 2 
parts by weight of a photopolymerizatlon initiator 
(made by Chiba Speciality Chemteals Corp.: Irga- 
cure 1-907), 0.2 parts by weight of a photosensitizer 
(made by Nippon Kayaku Co., Ltd.: DETX-S) and 
1 .5 parts by weight of NMP in further another con- 
tainer and mixing and stirring the mixture. 

[0154] A resin composite was produced by mixing the 
mixture compositions produced as (i), (ii) and (ill). 
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C. Preparation of a resin fiiler 
[0155] 

(I) A resin Tiller with tlie viscosity of 40 to 50 Pa • s s 
at 23 ± 1 ''C was produced by blending 100 parts 
by welgliL or a bisphenol F lype epoxy monomer 
(made by Yuka SheW Epoxy Co,: molecular weight 
31 0: YL 983U), 1 70 parts by weight of a SlOg spher- 
ical particle (made by Admatechs Co., Ltd.: CRS io 
1 1 01 -CE) coated with a sllane coupling agent on the 
surface and having the average particle size of 1 .6 
|Lim and the diameter of the maximum particle of 1 5 
jj.m or smaller and 1 .5 parts by weight of a levelling 
agent (made by San Nopco Ltd.: Perenol S4) in a 
container and mbcing and stirring the mixture. 

[0156] Incidentally, 6.6 parts by weight of an imidazole 
curing agent (made by Shikoku Chemicals Corp.: 
ZEAUZ'CH) was used as a curing agent. s^o 

D. A method for manufacturing a printed circuit board 
[0157] 

25 

(1 ) A copper- laminated laminate plate composed of 
a substrate 1 which Is made of a 1 mm-thicl< glass 
epoxy'resjn or BT (bismaleimide triazine) resin with 
a 18 |im-thlci< copper foil 8 laminated on both sides 

of the substrate 1 was used as a starting material 30 
(reference to Fig. 2(a)). At first, the copper-laminat- 
ed laminate plate was drilled to form a through hole, 
subjected to electroless plating treatment and then 
etching treatment In a pattern to fomn an under- level 
conductor circuit 4 In both sides of the substrate 1 35 
and a plated-through hole 9. 

(2) Afterthe resultant substrate in which the plated- 
through hole 9 and the under-level conductor cir- 
cuits 4 are formed was washed with water and 
dried, the substrate was biac}<oned in a blackening 
bath (an oxidizing bath) containing an aqueous so- 
lution containing NaOH (10 g/L), NaClOg (40 g/L) 
and Na3P04 (6 g/L) and reduced in a reducing bath 
containing NaOH (1 0 g/L) an NaBH4 (6 g/L) to form 
roughened faces 4a, 9a in the entire surfaces of the 45 
under-level conductor circuits 4 including the plat- 
ed-through hole 9 (reference to Fig. 2(b)). 

(3) Afterthe resin filler described in the foregoing C 
was produced, a layer of the resin filler 10 was 
fomried, by a method described below, in the inside so 
of the plated-through hole 9 and the parts where no 
conductor circuit was formed on one side of the sub- 
strate 1 and the outer peripheries of the conductor 
circuits 4 within 24 hours afterthe preparation. 

That Is, afterthe resin filler was squeezed In the ss 
plated-through hole by a squeegee, the fiiler was 
dried at 1 00** C for 20 minutes. Then, a mask draw- 
ing openings In parts corresponding to the conduc- 



tor circuit non forming area was put on a substrate 
and a layer of the resin filler 10 was formed in the 
recessed parts which is the conductor circuit non 
forming area by using a squeegee and dried at 
1 0O'^C for 20 minutes (reference to Fig. 2(c)). 

(4) One side of the resultant substrate already sub- 
jected to the above described treatment (3) was 
subjected to polishing to polish the layer of the resin 
filler 1 0 f omned in the outer peripheries of the con- 
ductor circuits and the upper part of the resin filler 
1 0 formed in the conductor circuit non fonnlng area 
by a belt sender polishing using # 600. belt polishing 
paper (made by Sankyo Chemical Engneering Co.) 
and then subjected to buffing to remove the scars 
formed by the foregoing belt sender polishing. A se- 
ries of such polishing steps were carried out for the 
other side in the same manner. 

incidentally, if necessary, etching might be car- 
ried out before and afterthe polishing to level a land 
9a of the though hole 9 and the roughened faces 4a 
formed in the under-level conductor circuits 4. 

Afterthat, heating treatment at 1 0O'C for 1 hour 
and successively at 150°G for 1 hour was carried 
outto completely harden the layer of the resin filler. 

In such a way, the surface layer part of the resin 
filler 1 0 formed in the plated-through hole 9 and in 
the conductor circuit non fomiing area and the sur- 
faces of the under-level conductor circuits 4 were 
leveled to obtain an insulating substrate where the 
resin fiiler 1 0 and the side faces 4a of the under^^ 
level conductor circuits 4 were firmly stuck to each 
other through the. roughened faces and the inner 
wall fece 9 of the plated-through hole 9 andthe resin 
filler 1 0 were flmrjly stuck to each other through the 
roughened faces (reference lo Fig. 2 (d)). Thai is, 
through the processes, the surface of the resin filler 
and the surface of an Inner layer copper pattern 
would be In the same plane. 

(5) After the foregoing suipstrate was washed with 
water and degreased with an acid, soft etching was 
carried out. And then, the surfaces of the under-lev- 
el conductor circuits 4 and the land surface of the 
plated-through hole 9 were etched by spraying an 
etching solution to both sides by sprays and then 
transported by transporting rolls to form roughened 
faces 4a, 9a with the thickness of 3 p.m in the entire 
surfaces of the under-level conductor circuits 4 (ref- 
erence to Fig. 3(a)). A solution used as the etching 
solution was an etching solution (Made by iVieck 
Co.: Mek Etch Bond) containing 10 parts by weight 
of an imldaz6le-Cu(ll) conripiex, 7 parts by weight of 
glycollc acid and 5 parts by weight of potassium 
chloride. 

(6) To both sides of the substrate, the resin compos- 
ite (viscosity: 1.5 Pa •s) for an underiayer described 
In the foregoing description B was applied by a roll 
coater within 24 hours after Its preparation and then 
was left for 20 minutes In horizontal state and dried 
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(pre-baked) at 60''C for 30 minutes. After that, the 
resin composite (viscosity: 7 Pa • s) for an upper 
layer described in the foregoing description A was 
applied using a roll coater within 24 hours after its 
preparation and then leTtfor20 minutes in horizontal ^ 
sLate in ihe same manner and dried (pre-baked) at 
60*C for 30 minutes Lo fomn layers 2a, 2b of the res- 
in composites with thickness of 35 jim (reference 
Fig. 3(b)). 

(7) After a photomask film printed with black circles 10 
with the diameter of 85 .um was closely stuck to both 
sides of the resultant substrate on which the layers 

of resin composites were fomned as described in (6) 
the substrate was exposed to light of 500 mJ/cm^ 
intensity by an ultra high pressure mercury lamp 15 
and then subjected to spray development with a 
DMDG solution. After that, furtherthe obtained sub- 
strate was exposed to light of 3000 mJ/cm^ intensity 
by an ultra high pressure mercury lamp, heated at 
lOO^'C for 1 hour, at 120'»C for 1 hour, and at IBO'C 20 
for 3 hours to form a resin insulating layer with the 
thickness, of 35 \irc\ and having opening parts 6 for 
via-holes with the diameter of 85 p,m and a high size 
precision corresponding to the circle of the photo- 
mask film (reference Fig. 3(c)). Incidentally, in the 25 
opening part to be a via-hole, the roughened face 
of an under-level conductor circuit 4 was exposed. 

(8) The obtained substrate formed with the opening 
parts 6 for via-holes was immersed in an aqueous 
chromic acid solution (7500 g/L) for 1 9 minutes to 30 
dissolve and remove the epoxy resin particle exist- 
ing on the surface of the resin insulating layer and 
roughen the surface to obtain a roughened face. Af- 
ter that, the substrate was Immersed in a neutrali- 
zation solution (made by a Shiplay Co., Inc.) and 35 
washed with water (reference Fig. 3 (d)). 

Further, a palladium catalyst (made by Atotech 
Co.) was supplied to the surface of the substrate 
treated by the surface roughening treatment to stick 
the catalyst nuclei to the surface of the insulating 40 
layer and to the inner wall face of the opening part 
for a via-hole. 

(9) Next, the substrate was immersed in an aque- 
ous electroless copper plating solution of the follow- 
ing composition to fomn an electroless copper plat- 45 
ing film 1 2 with the thckness of 0.6 to 1 .2 um on the 
entire roughened surface (reference Fig. 4 (a)): 



[the aqueous electroless plating solution] 


CUSO4-5H2O 


10 g/L 


HCHO 


8 g/L 


NaOH 


8 g/L 


Rochelle salt 


45 g/L 


an additive 


30 ml/L 



[the electroless plating conditions] 



at SS^C solution temperature for 25 minutes. 
(10) Next, electroplating on the entire surface of the 
electroless copper plating film was carried I n the fol- 
lowing conditions to form an electroplating film 13 
with the thickness of 7.5 jim (reference lo Fig. 4(b)): 



[the aqueous electroplating solution] 


CUSO4-5H2O 


210 g/L 


sulfuric acid 


150 g/L 


ci- 


40 mg/L 


polyethylene glycol 


300 mg/L 


bisdisulfide 


1 00 mg/L 



[the electroplating conditions] 


current density 

duration 

temperature 


1 .0 A/dm2 
35 minutes 
25''C. 



(11) A photosensitive dry film sold on the market 
was stuck to the electrolytic copper plating film 13, 
a mask was put thereon, exposure was carried out 
at 1 00 mJ/cm2, and development treatment was 
carried out with an aqueous solution of 0.8% sodi- 
um carbonate to fomn an etching resist 3 with the 
thickness of 15 mjti (reference Fig. 4(c)). 

(12) Further, the parts other than the conductor cir- 
cuits were etched by spray etching using an aque- 
ous sulfuric acid/hydrogen peroxide solution. Suc- 
cessively, the resist film was separated and re- 
moved in an aqueous solution of 40 g/L NaOH at 
50° C. After that, the resultant substrate was sub- 
jected to heating treatment at 150*'C for 1 hour to 
fomn a conductor circuit with the thickness of ISjum, 
which is composed of the metal layer and the elec- 
trolytic copper plating film and a filled via (reference 
Fig. 4(d)). 

(1 3) To the substrate on which the conductor circuit 
was formed, the same treatment as described in the 
process (5) was carried out to form a roughened 
face on the surface of the conductor circuit including 
the filled via (reference 5(a)). 

(14) Successively, the foregoing processes (6) to 
(13) were repeated to form conductor circuits in fur- 
ther upper layers to obtain a multilayer printed cir- 
cuit board with 8 layers, incidentally, in Figs., one 
with 6 layers was illustrated to make the structure 
easily understandable (reference Fig. 5 (b) to Fig. 
6(ct)). 

(15) Next, a solder resist resin composition with the 
viscosity of 2.0 Pa • s at 25°C was obtained by 
blending 46.67 parts by weight of photosensitive ol- 
igomer (molecular weight: 4000) which was a cresol 
novolaktype epoxy resin (made by Nippon Kayaku 
Co., Ltd.) whose 50% of epoxy group was acrylated 



15 



BNSDOCID: <EP 1207730A1_1_> 



29 



EP 1 207 730 A1 



30 



and which was dissolved In 60 wt.% concentration 
In diethylene giycol methyl ether (DMDG), 1 5 parts 
by weight of a bisphenol A type epoxy resin (made 
by Yuka Shell Epoxy Co. : Epikote 1001) dissolved 
in BO wt.% concentration in methyl ethyl ketone, 1 .6 s 
parls by weighl of an imidazole curing agent (made 
by Shikoku Chemicals Corp.: 2E4MZ-CN), 3 parts 
by weight of a polyvalent acrylic monomer, which Is 
a photosensitive monomer, (made by Nippon Kay- 
aku Co., Ltd.: R 604), 1 .5 parts by weight of also a io 
polyvalent acrylic monomer (made by Kyoel Chem- 
ical Co., Ltd.: DPE 6A), and 0.71 parts by weight of 
a dispersion type defoamlng agent (made by San 
Nopco Ltd.: S-65) In a container and mixing and stir- 
ring the obtained mixture and further adding 2.0 is 
parts by weight of benzophenone (made by Kanto 
Chemical Co., Inc.) as a photopolymerization Initi- 
ator to the obtained mixture composition and 0.2 
parts by weight of i\/Ilch tor's ketone (made by Kanto 
Chemical Co., Inc.) as a photosensitizer. 

Incidentally, the viscosity measurement was 
carried out using a rotor No. 4 and a rotor No. 3 of 
a B type viscometer (made by Tokyo. Instruments, 
DVL-B type) in the case of 60 min-"" (60 rpm) and 
4.6 min""* (6 rpm), respectively. 25 

(16) Next, after the solder resist resin composition 
was produced as described foregoing (15), the 
composition was applied to both sides of the multi- 
layer wiring substrate in 20 p,m thickness, dried at 
70'*C for 20 minutes and at 70**C for 30 minutes, 30 
exposed to UV rays of 1 000 mJ/cm^ intensity while 
being closely covered with a 5 mm-thick photomask 
drawing a pattern corresponding to the opening 
parts of the solder resist, then the development with 

a DiVITG solution was carried out to form an opening 35 
with the diameter of 200 |im. 

Further, the resultant solder resist layer was 
hardened by heating in conditions:. at SO'C for 1 
hour, at lOO^C for 1 hour, at 120''C for 1 hour, and 
at 1 50* C for 3 hours to form a solder resist layer 1 4 40 
(an insulating organic resin layer) with the thickness 
of 20 ^JTi and having openings in a solder pad part 
(including a via-hole and Its land part) with opening 
diameter of 200 \ur\. 

(17) Next, the substrate bearing the solder resist 45 
layer (an insulating organic resin layer) 14 was im- 
mersed for 20 minutes in an electroless nickel plat- 
ing solution at pH 4.5 containing nickel chloride (2.3 

X iO'Vmol/L), sodium hypophosphite (2.8 x 10'^ 
mol/L), and sodium citrate (1 .6 x 10-'' mol/L)tofonn so 
a nickel plating layer 1 5 in the opening part with the 
thickness of 5 {im. Further, the resultant substrate 
was immersed for 7.5 minutes at SO^C in an elec- 
troless plating solution containing potassium cy- 
anoaurate (7.6 x 10"3 mol/L), ammonium chloride ^s 
(1.9 X 10-"' mol/L), sodium citrate (1.2 x 10-"^ mol/ 
L) and sodium hypophosphite (1 .7 x 1 0"'' mol/L) to 
tomn a gold plating layer 1 5 on the ntokel plating lay- 



er 1 5 with the thickness of 0,03 ^.m. 

(18) After that, a solder paste was printed in the 

openings of the solder resist layer 1 4 and subjected 
to reflow at 200°C to form solder bumps 17 and to 
manufacture a multilayer printed circuit board hav- 
ing solder bumps 17 (reference to Fig. 7 (a)). 

(Example 2) 

A. A method for manufacturing a {Printed circuit board 
[0158] 

(1) A copper-laminated laminate plate composed of 
a substrate 1 which is made of a 0.8 mm-thick glass 
epoxy resin or BT (bismaleimlde triazine) resin with 
a 1 8 Lim-thick copper foil 8 laminated on both sides 
of the substrate 1 was used as a starting material 
(reference to Fig. 8(a)). At first, the copper- laminat- 
ed laminate plate was drilledto form athrough hole, 
subjected to electroless plating treatment and then 
etching treatment In a pattern to form an under-level 
conductor circuit 4 in both sides of the substrate 1 
and a plated-th rough hole 9. 

(2) After the riBsultant substrate in which the plated- 
through hole 9 and the under-level conductor cir- 
cuits 4 are formed was washed with water and 
dried, the following etching solution was sprayed to 
both sides of the substrate to etch the under-level 
conductor circuits 4 and the land surface and th€ 
inner wall of the plated-th rough hole 9 and form 
roughened surfaces 4a, 9a In the entire surf dee of 
the under-level conductor circuits 4 including the 
plated-through hole 9 (reference Fig. 8 (b)). The so- 
lution used as the etching solution was produced by 
mixing 10 parts by weight of an imidazole-Cu(ll) 
complex, 7 parts by weight of glycolic acid, 5 parts 
by weight of potassium chloride, and 78 parts by 
weight of ion exchanged water. 

(3) Next, a resin filler mainly containing a polyolef In 
type resin was applied to both sides of the substrate 
using a printing apparatus to flit the space between 
the under-level conductor circuits 4 and fill the plat- 
ed-through hole 9 and heated and dried (reference 
Fig. 8 (c)). That is, through this process, the resin 
filler 10 filled the space between the under-level 
conductor circuits 4 and the inside of the plated^ 
through hole 9. 

(4) One side of the resultant substrate already sub- 
jected to the above described treatment (3) was 
subjected to polishing to polish the layer of the resin 
filler 10 fomned In the outer peripheries of the con- 
ductor circuits and the upper part of the layer of the 
resin filler 10 fonned in the conductor circuit non 
forming area by belt sender polishing using #600 
belt polishing paper (made by Sankyo Chemical 
Engneering Co.) and then subjected to buffing to 
remove the scars fonned by the foregoing belt 
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Sander polishing. A series of such polishing steps 
were carried out for the other side in the same nnan- 
ner. 

Incidentally, if necessary, etching might be car- 
ried out before and after the polishing to level a land 5 
9a of Ihe plated though hole 9 and Ihe roughened 
faces 4a formed in the under-level conductor cir- 
cuits 4. 

Afterthat, heating treatment at 100"C fori hour 
and successively at 150*'C for 1 hour was carried io 
out to completely harden the layer of the rosin filler. 

I n such a way, the surface layer part of the resin 
filler 10 fonned in the plated-through hole 9 and in ' 
the conductor circuit non forming area and the sur- 
faces of the under-level conductor circuits 4 were 15 
leveled to obtain an insulating substrate where the 
resin filler 10 and the side faces 4a of the under- 
level conductor circuits 4 were firmly stuck to eacli 
other through the roughened faces, and the inner 
wall face 9 of the plated-through hole 9 and the resin 20 
filler 1 0 were firmly stuck to each other through the 
roughened faces (reference to Fig. 8 (d)). 

(5) After the foregoing substrate was washed with 
water and degreased with an acid, soft etching was 
carried out and then the surfaces of the under-level 2S 
conductor circuits 4 and the land surface of the plat- 
ed-through hole 9 were etched by spraying an etch- 
ing solution to both sides by sprays and afterthat 
the substrate was transported by transporting rolls 

to form roughened faces 4a, 9a with the thickness 30 
of 3 Jim In the entire surfaces of the under-level con- 
ductor circuits 4. An etching solution used was the 
same one used In the foregoing process (2). 

(6) To both sides of the substrate, a thennosetting 
type polyolefin type resin sheet with the thickness 35 
of 50 |j.m was vacuum-laminated at the pressure of 
0.5 MPa (5 kgf/cm2) with the temperature being in- 
creased from 50 to 150°C to fonn a resin Insulating 
layer of the polyolefin type resin in each side. The 
vacuum degroc at the time of vacuum bonding was 40 
controlled to be 1 330 Pa (1 0 mmHg) (reference Fig. 
9(a)). 

(7) Opening parts 6 for via-holes with diameter of 
80 Jim were formed In both sides of the substrate 
bearing the resin insulating layers by carbon dioxide 45 
(CO2) gas laser in the conditions of beam diameter 

of 5 mm, in the top hat mode, pulse width of 50 u 
second, the mask's hole diameter of 0.5 mm, and 3 
shots (reference Fig. 9(b)). After that, de-smear 
treatment was carried out using oxygen plasma. so 

(8) Plasma treatment was carried out to the ob- 
tained substrate In which the opening parts 6 for via- 
holes were fonmed to roughen the surface of the 
resin insulating layers (reference Fig. 9(c)). At that 
time, argon was used as an inert gas and the plas- 55 
ma treatment was carried out using SV-4540 made 

by ULVAC Japan Co., Ltd. for 2 minutes in condi- 
tions of electric power of 200 W, the gas pressure 



of 0.6 Pa and the temperature of 70'C. 

(9) Next, sputtering a target ot an alloy of Nl and Cu 
was carried out to the substrate, in which the sur- 
face layers of the resin insulating layers were rough- 
ened, using SV-4540 made by ULVAC Japan Co., 
Lid. in the conditions of the pressure of 0.6 Pa, the 
temperature of 80*C, electric power of 200 W, and 
5 minute to fomn a Ni-Cu alloy iayer 1 2 on each sur- 
face of resin Insulating layer 2 (reference Fig. 9 (d)). 
In this case, the thickness of the formed Ni-Cu alloy 
layer was 0.2 iim. 

Further, the substrate was subjected to condi- 
tioning and catalyst supply treatment was carried 
out for 5 minutes in an alkaline catalyst. 

(1 0) Next, electroplating of the entire surface of the 
Ni-Cu alloy layer 12 was carried out in the following 
conditions to forni an electroplating film 1 3 with the 
thickness of 5 itm (reference to Fig 1 0(a)): 



[the aqueous electroplating solution] 


CUSO4-5H2O 


140giT_ 


sulfuric acid 


120 g/L 


CI- 


50 mg/L 


gelatin 


300 mg/L 


sulfonic acid amide 


100 mg/L 



[the electroplating conditions] 


current density 

duration 
temperature 


0.8 A/dm2 

30 minutes 
25*C. 



(11) A photosensitive dry film sold on the market 
was stuck to the electrolytic copper plating film 13, 
a mask was put thereon, exposure was carried out 
at 1 00 mJ/cm^, and development treatment was 
carried out with an aqueous solution of 0.8% sodi- 
um carbonate to fonn an etching resist 3 with the 
thickness of 20 jim (reference Fig. 10(b)). 

(12) Further, the parts other than the conductor cir- 
cuits were etched by spray etching using an aque- 
ous sulfuric acid/hydrogen peroxide solution. Suc- 
cessively, the resist film was separated and re- 
moved in an aqueous soiution of 40 g/L NaOH at 
SO'C. After that, the resultant substrate was sub- 
jected to heating treatment at 150*'C for 1 hour to 
form a conductor circuit with the thickness of 15 jim, 
which Is composed of the metal layer and the elec- 
trolytic copper plating film and a filled via 7. The 
height difference of the height of the upper face of 
the formed conductor circuit and the height of the 
upper face of the filled via from the resin substrate 
1 was 1 {im or thinner and thus both upper faces 
are approximately in the same plane and no re- 
cessed part was formed In the upper of the via-hole 
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(reference Fig. 1 0(c)). 

(13) Successively, the foregoing processes (7) to 

(13) were repeated to form conductor circuits in fur- 
ther upper layers and obtain a nnultilayer printed cir- 
cuit board witli 8 layers, incidentally, In Figs.,, one s 
with 6 layers was illustrated to nnake the structure 
easily understandable (reference Fig. 11 (a) to Fig. 
13(a)). 

Additionally, etching was carried out to the con- 
ductor circuit in the surface layer using the sanne io 
etching solution used in the foregoing process (2) 
to roughen the surface. 

(1 4) Next, a solder resist resin composition with the 
viscosity of 2.0 Pa • s at 25' C was Obtained by 
blending 46.67 parts by weight of photosensitivity 15 
providing ollgorner (molecular weight: 4000) which 
was a cresol novo lal< type epoxy resin (made by 
Nippon Kayai<u Co., Ltd.) whose 50% of epoxy 
group was acrylated and which was dissolved in 60 
wt.% concentration in diethylene glycol methyl 20 
ether (DMDG), 16 parts by weight of a bisphenol A 
type epoxy resin (made by Yul<a Shell Epoxy Co.: 
Epikote 1001 ) dissolved in 80 wt. % concentration 

in methyl ethyl ketone, 1 .6 parts by weight of an im- 
idazole curing agent (made by Shikoku Chemicals 25 
Corp.: 2E4MZ-CN), 3 parts by weight of a polyva- 
lent acrylic monomer, a photosensitive monomer, 
(made by Nippon Kayaku Co., Ltd.: R 604), 1.5 
parts by weight of also a polyvalent acrylic mono- 
mer (made by Kyoei Chemicai Co., Ltd.: DPE 6A) , 30 
and 0.71 parts by weight of a dispersion type de- 
foaming agent (made by San Nopco Ltd.: S-65) In 
a container and mixing and stirring the obtained 
mixture and further adding 2.0 parts by weight of. 
benzophenone (made by Kanto Chemical Co., Inc.) 35 
as a photopolymerization initiator to the obtained 
mixture composition and 0.2 parts by weight of 
iVlichler's ketone (made by Kanto Cliemical Co., 
inc.) as a photosensitlzer. 

Incldentaily, the viscosity measurement was 40 
carried out ueing a rotor No. 4 and a rotor No. 3 of 
a B type viscometer (made by Tokyo Instruments, 
DVL-B type) in the case of 60 mln'^ (60 rpni) and 
4.6 min-"' (6 rpm), respectively. 

(15) Next, after the solder resist resin composition ^ 
was produced as described above (14), the compo- 
sition was applied to both sides of the multilayer wir- 
ing substrate !n 20 \xm thickness, dried at ZO^C for 

20 minutes and at 70''C for 30 minutes, exposed to 
UV rays of 1 000 mJ/cm^ intensity while being close- so 
ly covered with a 5 mm -thick photomask drawing a 
pattern corresponding to the opening part of the sol- 
der resist was drawn, and developed with a DMTG 
solution to form an opening with the diameter of 200 
^m. 55 

Further, the resultant solder resist layer was 
hardened by heating in conditions: at 80°C for 1 
hour, at 100*»C fori hour, at 120° C fori hour, and 



at 150**C for 3 hours to form a 20 ^m-thlck solder 
resist layer 14 (an insulating organic resin layer) 
having openings In solder pad parts (Including a via- 
hole and its land part) with opening diameter of 200 

(16) Next, the substrate bearing the solder resist 
layer (an insulating organic resin layer) 14 was Im- 
mersed for 20 minutes in an eiectroless nickel plat- 
ing solution atpH 4.5 containing nickel chloride (2.3 
X lO-i moI/L), sodium hypophosphite (2.8 x lO-^ 
mol/L), and sodium citrate (1 .6 x 1 o-"" mol/L) to form 
a nickel plating layer 1 5 in the opening part with the 
thickness of 6 jxm. Further, the resultant substrate 
was immersed for 7.5 minutes at 80°C in an eiec- 
troless plating solution containing potassium cy- 
anoaurate (7.6, x mol/L), ammonium Chloride 
(1.9 X 10-1 mol/L), sodium citrate (1.2 X 10-1 moi/ 
L) and sodium hypophosphite (1 .7 x 1 0-"" mol/L) to 
form a gold plating layer 1 5 on the nickel plating lay- 
er 1 5 with the thickness of 0.03 (im. 

(17) After that, a solder paste was printed in the 
opening of the solder resist layer 14 and subjected 
to ref low at 200'*C to fbnri solder bumps 1 7 and to 
manufacture a multilayer printed circuit board hav- 
ing solder bumps 17 (reference to Fig. 13 (b)). 

(Example 3) 

A. A method for manufacturing a printed circuit board 
[0159] 

(1) In the same manner as the processes (1 ) to (8) 
of the example 1 , a substrate bearing conductor cir- 
cuits 4 and resin Insulating layers 2 was produced 
and after that, an eiectroless copper plating film 12 
was formed in the sanne manner as the process (9) 
of the example 1 (reference Fig. 14 (a) to Fig. 16 
(a)). 

(2) A photosensitive dry film sold on the market was 
stuck to the electrolytic copper plating film 12, a 
mask was put thereon, exposure was carried out at 
1 00 mJ/cm^, and development treatment was car- 
ried out with an aqueous solution of 0.8% sodium- 
carbonate to form a plating resist 23 with the thick- 
ness of 15 iim (reference Fig. 16(b)). 

(3) Next, electroplating of the parts where no plating 
resist 23 was fomied was carried In the following 
conditions to form an electroplating film 13 with the 
thickness of 7.5 ^un (reference to Fig. 15(c)): 



[the aqueous electroplating solution] 


CUSO4-5H2O 


210 g/L 


sulfuric acid 


160 g/L 


CI- 


40 mg/L 


polyethylene glycol 


300 mg/L 
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(continued) 



[ihe aqueous eleclroplating solution] 



bisdisulfide 



100 mg/L 



[the electroplating conditions] 


current densrty 

duration 
temperature 


1 .0 A/dm2 

35 minutes 
25°C. 



Successively, the resist was parted and re- 
moved in an aqueous solution of 40 g/L NaOH at 
aO'^C. After that, the resultant substrate was sub- 
jected to heating treatment at 1 SO^'C for 1 hour and 
treated with an etching solution of an aqueous so- 
lution of sulfuric acid and hydrogen peroxide to re- 
move the metal in parts other than the conductor 
circuit and to form the 8 .um-thick conductor circuit 
composed of the metal layer and the electrolytic 
copper plating film and filled vias 7 (reference Fig. 
16(d)). 

(4) After that, the same processes as the processes 
(13) to (18) of the example 1 were carried out to 
manufacture a multilayer printed circuit board hav- 
ing solder bumps 1 7 (reference to Figs. 1 7 to Figs. 
18). 

(Example 4) 

A. Preparation of a film of a resin composite 

[0160] A solution of a resin composite was obtained 
by heating and dissolving 30 parts by weight of bisphe- 
nol A type epoxy resin (epoxy equivalent 469: made by 
Yuka Shell Epoxy Co. : Epikote 1 001 ), 40 parts by weight 
of a cresol novolak type epoxy resin (epoxy equivalent 
215; Dalnippon Ink and Chemicals, Inc.: Epiclon N-673) 
and 30 parts by weight of a phenol novolak resin having 
a triazine structure (phenolic hydroxy! equivalent 120: 
made by Dalnippon Ink and Chemicals, Inc.: Phenolite 
KA-7052) in 20 parts by weight of ethyl dlglycol acetate 
and 20 parts by weight of solvent naphtha and further 
adding 15 parts by weight of epoxy-terminated polyb- 
utadiene rubber (made by Nagase Chemicals Ltd.: De- 
nalex R-46 EPT), 1 .5 parts by weight of a milled product 
of 2-phenyl-4,5-bis(hydroxymethyl)imlda20le, 2 parts by 
weight of fine powdered silica, and 0.5 parts by weight 
of silicon type defoaming agent. 

[0161] The obtained solution of the resin composite 
was applied to a PET film using a roll coater as to adjust 
the thickness after drying to be 50 p.m and then dried at 
80 to 1 20°C for 1 0 minutes to produce a film of the resin 
composite. 
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B. A method for manufacturing a printed circuit board 
[0162] 

(1) In the same manner as the processes (1) to (4) 
of the example 1 , a substrate bearing a layer of a 
resin filler 10 in the plaled-through holes 9 and the 
conductor circuit non forming area was produced 
and after that, the surface of an under-level conduc- 
tor circuit 4 and the land surface of the plated- 
through holes 9 were etched in the same manner 
as the process (5) of the example 1 to form rough- 
ened surfaces 4a, 9a with thickness of 3 pim on the 
entire surface of the under-level conductor circuit 4 
(reference Fig. 19 (a) to Fig. 20 (a)). 

(2) The resin composite film described in the de- 
scription A was stuck to both sides of the foregoing 
substrate by the following method using a vacuum 
laminator apparatus to fonn a resin composite film 
layer In each side and then the film layer was ther- 
mally hardened to form a resin insulating layer 2 
(reference Fig. 20(b)). That is, the lamination of the 
foregoing resin connposite film was carried out in 
conditions of vacuum degree of 75 Pa, the pressure 
of 0.4 MPa, the temperature at 80°C, and the pres- 
sure bonding duration of 60 seconds and the fore- 
going thential hardening was carried out in condi- 
tions of 1 00»C for30 nninutes and 1 50'C for 1 hours 

(3) Next, opening parts 6forvia-holes with diameter 
of 60 ^im was fonned in the resin insulating layer by 
CO2 gas laser of 1 0.4 ^m wavelength in the condi- 
tions of beam diameter of 4.0 mm, In the top hat 
mode, pulse width of 8.0 \i second, the mask's hole 
diameter of 1 .0 mm, and 2 shots (reference Fig. 20 
(c)). After that, de-smear treatment was carried out 
using oxygen plasma. Incidentally, the roughened 
face of an under-level conductor circuit 4 was ex- 
posed in the a opening part 6 for a via-hole. 

(4) The substrate with the opening parts 6 for via- 
holes was Immersed In an aqueous solution of chro- 
mic acid (7500 g/L) for 19 minutes to dissolve and 
remove epoxy resin particles existing on the surface 
of the resin insulating layer and to roughen the sur- 
face of the resin insulating layer to obtain the rough- 
ened surface. After that, the resultant substrate was 
immersed in a neutralization solution (made by a 
Shiplay Co. , Inc.) and washed with water (reference 
Fig. 20 (d)). 

Further, a palladium catalyst (made by Atotech 
Co.) was supplied to the surface of the substrate 
treated by the surface roughening to stick the cata- 
lyst nuclei to the surface of the insulating layer and 
to the inner wall face of the opening part 6 for a via- 
hole. 

(5) Next, the substrate was immersed in an aque- 
ous electro I ess copper plating solution of the follow- 
ing composition to form an electroless copper plat- 
ing film 1 2 with the thickness of 0.6 to 1 .2 p.m on the 
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entire roughened surface (reference Rg. 21 (a)}: 



[the aqueous electroless plating solution] 


CUSO4-5H2O 


10g/L 


HCHO 


8g/L 


NaOH 


8g/L 


Rocheile salt 


45g/L 


an additive 


30 ml/L 



[the electroless plating conditions] 

at 35°C solution temperature for 25 minutes, 

(6) A photosensitive dry film sold on the market was 
stuck to the electrolytic copper plating film 12, a 
mask was put thereon, exposure was carried out at 
1 00 mJ/cm^, and development treatment was car- 
ried out with an aqueous solution of 0.8% sodium 
carbonate to form a plating resist 23 with the thick- 
ness of 20 (reference Fig. 21 (b)). 

(7) Next, electroplating of the parts where no plating 
resist 23 was formed was carried in the following 
conditions to form an electroplating film 13 with the 
thickness of 15 jum (reference to Fig. 21 (c)): 



[the aqueous electroplating solution] 


CUSO4-5H2O 


210g/L 


sulfuric acid 


150 g/L 


CI" 


40 mg/L 


polyethylene glycol 


300 mg/L 


bisdisutfide 


100 mg/L 



[the electroplating conditions] 


cun*ent density 

duration 

terriperature 


1 . 0 A/dm2 
60 minutes 
25''C, 



Successively, the plating resist 23 was parted 
and removed In an aqueous solution of 40 g/L 
NaOH al 50°C. After that, the resultant substrate 
was subjected to heating treatment at 1 50°C for 1 
hour and treated with an etching solution of an 
aqueous solution of sulfuric acid-hydrogen perox- 
ide to remove the metal in parts other than the con- 
ductor circuit and to form the conductor circuit with 
the thbkness of 15 \im and composed of the metal 
layer and the electrolytk: copper plating film and 
filled vias 7 (reference Fig. 21(d)). 

(8) The same treatment as the foregoing process 
(1) was carried out for the substrate on which the 
conductor circuit wa:s formed to form roughened 
face on the surface of the conductor circuit contain- 
ing the filled via (reference Fig. 22(a)). 

(9) Successively, the foregoing processes (2) to (8) 
were repeated to form resin insulating layers and 



conductive circuits In further upper layers and to ob- 
tain a multilayer printed circuit board (reference Fig, 
22(b) to Fig. 23(b)). 

(10) After that, the same processes as the process- 
es (15) to (1 8) of the example 1 were carried out to 
nnanufaclure a multilayer printed circuit board hav- 
ing solder bumps 17 (reference lo Fig. 23(c)). 

(Example 5) 

[0163] A multilayer printed circuit board was manufac- 
tured In approximately the same manner as the example 
4 except that a film made of a resin composite com- 
posed of an epoxy resin (a themnosetting resin) and a 
phenoxy resin (a thennoplastlc resin) was used as the 
film made of the resin composite. 

(Example 6) 

[0164] A multilayer printed circuit board was manufac- 
tured in approximately the same manner as the example 

1 except that 400 mg/L of gelatin and 150 ml/L of bisdi- 
sulfide were used as the additives for the electroplating 

solution. 

(Example 7) 

[0165] A multilayer printed circuit board was manufac- 
tured in approximately the sarne manner as the example 

2 except that 400 mg/L of gelatin and 150 ml/L of bisdi- 
sulflde were used as the additives for the electroplating 
solution. 

(Example 8) , 

[0166] A multilayer printed circuit board was manufac- 
tured In approximately the same manner as the example 

3 except that 400 mg/L of gelatin and 150 ml/L of bisdi- 
sutfide were used as the additives for the electroplating 
solution. 

(Example 9) 

[01 67] A multilayer printed circuit board was manufac- 
tured In approximately the same manner as the example 

1 except that 400 mg/L of polyethylene glycol and 150 
ml/L of sulfonic acid amide were used as the additives 
for the electroplating solution. 

(Example 10) 

[01 68] A multilayer printed circuit board was manufac- 
tured in approximately the same manner as the example 

2 except that 400 mg/L of polyethylene glycol and 150 
ml/L of sulfonic acid amide were used as the additives 
for the electroplating solution. 
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(Example 11) 

[01 69] A multilayer printed circuit board was manufac- 
tured in approximately the same manner as the example 
3 except that 400 mg/L of polyethylene glycol and 150 
ml/L of sulfonic acid amide were used as the additives 
for the electroplallng solution. 

(Example 12) 

[01 70] A multilayer printed circuit board was manufac- 
tured In approximately the same manner as the example 
6 except that 400 mg/L of gelatin and 150 ml/L of bisdi- 
sulfide were used as the additives forthe electroplating 
solution. 

(Example 13) 

[01 71 ] A multilayer printed circuit board was manufac- 
tured in approximately the same manner as the example 
5 except that 400 mg/L of polyethylene glycol and 150 
ml/L of sulfonic acid amide were used as the additives 
for the electroplating solution. 

(Comparative example 1) 

A. Preparation of a resin composite (an adhesive for an 
upper layer), preparation of a resin composite (an 
adhesive for a lower layer) and preparation of a resin 
filler were carried out in the same manner as example 1 , 

B. Method for manufacturing printed circuit board 
[0172] 

(1) A layer of a resin composite with the thickness 
of 35 Jim was formed in the same manner as de- 
scribed in processes (1 ) to (6) of the example 1 ex- 
cept that a substrate made of a glass epoxy resin 
or BT (bismaleimide triazine) resin with thickness of 
0.6 mm (reference Fig. 2(a) to Fig. 3(b)) is used. 

(2) Next, a resin Insulating layer with the thickness 
of 35 lAm having opening parts for via-holes wtth the 
diameter of 90 jxm was formed In the same manner 
as described In the process (7) of the example i 
except that a photomask film printed with black cir- 
cles with the diameter of 90 iim was closely applied 
to both sides of the substrate bearing the layer of 
the resin composite (reference Fig. 3(c)). Inciden- 
tally, a roughened surface of an under-level conduc- 
tor circuit was exposed. in the opening parts to be 
via-holes. 

(3) Further the substrate in which the opening parts 
for via-holes was conditioned and subjected to cat- 
alyst adhesion in an alkaline catalyst for 5 minutes 
and then the substrate was activated and immersed 
in an aqueous electroless copper plating solution 
with the following composition to form an electro- 



less copper plating film with the thickness of 1 .1 p.m 
on the entire surface: 
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[aqueous electroless plating solution] 


CUSO4-5H2O 


10 g/L 


HCHO 


8g/L 


NaOH 


8 g/L 


Rocheile salt 


45 g/L 


an additive 


30 ml/L 



[the electroless plating conditions] 
at34^C solution temperature for 25 minutes. 
(4) Next, electroplating of the entire surface of the 
electroless copper plating film was carried in the fol- 
lowing conditions to form an eloctroplatlng film 13 
with the thickness of 11 urn: 



[the aqueous electroplating solution] 


CUSO4-5H2O 


80 g/L 


sulfuric acid 


180 g/L 


Cl- 


40 mg/L 


ad ditive 


0.5 ml/L 



[the electroplating conditions] 


current density 

duration 

temperature 


1 .0 /Vdm2 
50 minutes 
27'C 



(5) A photosensitive dry film sold on the mari<et was 
stuck to the electrolytic copper plating film, a mask 
was put thereon, exposure was carried out at 100 
mJ/cm2, and development treatment was carried 
out with an aqueous solution of 0.8% sodium car- 
bonate to fomi an etching resist with the thickness 
of 20 \xm and US = 20/1 0 jim. 

(6) Further, the parts other than conductor circuits 
were etched by spray etching using an aqueous sul- 
furic acid/hydrogen peroxide solution. Successive- 
ly, the resist film was separated and removed in an 
aqueous solution of 40 g/L NaOH at 50°C. After 
that, the resultant substrate was subjected to heat- 
ing treatment at 150*C for 1 hour to form a 15 jxm- 
thick conductor circuit composed of the metal layer 
and the electrolytic copper plating film and a filled 
via. 

(7) The substrate in which the conductor circuit was 
fomned was subjected to the same process as de- 
scribed in the process (5) to form roughened face 
with the thickness of 2 i-tm on the surface of the con- 
ductor circuit including the filled via. 

(8) Successively, the processes (the processes (1) 
to (7) of the example 1) for fomning a layer of the 
composite resin described in (1) were repeated to 
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form further upper layer conductor circuits to obtain 
a muftllayer printed circuit board with 8 layers. 
(9) Next, in tine same manner as the process (15) 
of the example 1 , a solder resist resin composition 
was obtained. s 

[0173] Also, through the processes simllarto the proc- 
esses (1 6) to (1 B) of the example 1 , a multilayer printed 
circuit board having solder bumps was manufactured. 
[0174] The multilayer printed circuit boards having io 
solder bumps obtained by the examples and the com- 
parative examples wore cut with a cutter andtheir cross- 
sections were observed by a microscope. In the case 
where the multilayer printed circuit boards having solder 
bumps according to the examples were cut with a cutter 15 
and their cross-sections were observed by a micro- 
scope, the difference between the height of upper faces 
of the conductor circuits and the height of the upper fac- 
es of the filled via- holes from the resin substrates was 
1 \xm or shorter to make it clear that both upper faces 
were to be approximately In the same plane and no re- 
cessed part was found to be fomned In the upper faces 
of the vla-holes. On the other hand, In the case of the 
multilayer printed circuit board according to the compar- 
ative example, the opening parts for the via-hoies was 25 
not completely filled with a metal and recessed parts 
were found to be fonned in the via-hole upper face. 
[0175] Further, the multilayer printed circuit boards 
according to the examples had a stack via structure and 
as a result of a continuity test, the continuity was con- so 
finned even in the part of the stack via structure. On the 
other hand, the multilayer printed circuit board accord- 
ing to the comparative example was found not to have 
contlnuityinthepartofthestackviastructure.asaresult 
of a conlinulLy lest. 3s 

Industrial applicability 

[0176] As described above regarding an electroplat- 
ing solution of the present invention, an opening part for 40 
a via-hole can perfectly be filled with a metal and a via- 
hole can be formed with the upper face of the via-hole 
and the upper face of a conductor circuit In the same 
layer being kept approximately In the same plane by 
manufacturing a multilayer printed circuit board by using 45 
the electroplating solution. 

[0177] Also, by the method for manufacturing a mul- 
tilayer printed circuit board according to the first or sec- 
ond method of the present invention, an opening part 
for a via-hole can perfectly be fiiled with a metal and a so 
via-hole can be fomned with the upper face of the via- 
hole and the upper face of a conductor circuit in the 
same layer being kept approximately in the same plane 
and a multilayer printed circuit board having a stack via 
structure can be manufactured. 55 
[0178] Further, in a multilayer printed circuit board of 
the present invention, since an opening part for a via- 
hole is perfectly fiiled with a metal and the upper face of 



the via-hole and the upper face of a conductor circuit in 
the same layer are kept approximately in the same 
plane, no separation and crack take place between a 
conductor circuit including a via-hole and a resin insu- 
lating layer and no disconnection of a conductor circuit 
in the upper layer of the former conductor circuit occurs, 
resulting in improvement of the connection reliability. 
Moreover, the foregoing multilayer printed circuit board 
can have a stack via structure with which the wiring dis- 
tance is shortened in order to satisfy the requirements 
of the high speed and fine property of a printed circuit 
board. 



Claims 

1 . An electroplating solution to be employed for man- 
ufacturing a multilayer printed circuit board com- 
posed of a substrate bearing a conductor circuit 
and, as serially layered thereon, a resin insulating 
layer and a conductor circuit in an alternate fashion 
and in repetition, characterized by containing 50 
to 300 g/L of copper sulfate, 30 to 200 g/L of sulfuric 
acid, 25 to 90 mg/L of chlorine ion, and 1 to 1000 
mg/L of an additive comprising at leafit a ieveiling 
agent and a brightener. 

2. The electroplating solution according to claim 1 
characterized by using at least one substance se- 
lected from the group consisting of polyethylene, Its 
derivatives, gelatin, and Its derivatives as said lev- 
elling agent. 

3. The electroplating solution according to claim 1 or 
2, characterized by using at least one compound 
selected from the group consisting of sulfur oxide, 
compounds related to sulfur oxide, hydrogen 
sulfide, compounds related to hydrogen sulfide, and 
other sulfur compounds as said brightener, 

4. A method for manufacturing a multilayer printed cir- 
cuit board of the present Invention, cliaracterized 
by containing at least the following processes (a) to 
(e): 

(a) a process of fonning a resin Insulating layer 
having an opening part for a via-hole by expo- 
sure and development treatment or laser treat- 
ment; 

(b) a process of forming a metal layer compris- 
ing at least one element selected from the 
group consisting of Cu, Ni, P, Pd, Co and W on 
the surface of the resin Insulating layer and the 
opening part for a via-hole; 

(c) a process of forming a plating resist on said 
metal layer; 

(d) a process of fonning an electroplating film 
on a part un-coated with said plating resist us- 
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ing the electroplating solution ciaimed in claim 

1 ; and 

(e) a process of forming a conductor circuit by 
etching the metal layer existing under said plat- 
ing resist after said plating resist is separated, s 

5. A method for nnanuracturing a mulUlayer printed cir- 
cuit board, characterized by containing at least the 
following processes (a) to (d): 

10 

(a) a process of fomning a rosin insulating layer 
having an opening part for a via-hole by expo- 
sure and development treatment or laser treat- 
ment; 

(b) a process of forming a metai layer compris- 15 
ing at least one element selected from the 
group consisting of Cu, Ni. P, Pd, Co and W on 

the surface of the resin insulating layer and the 
opening part for a via-hole; 

(c) a process of fomning an electroplating film 20 
on said metal layer using an electroplating so- 
lution ciaimed in claim 1 ; and 

(d) a process of fomning a conductor circuit by 
etching after an etching resist is formed on said 
electroplating film. 2s 

6. The method for manufacturing a multilayer printed 
circuit board according to claim 4 or claim 5, char- 
acterized In that the metal layer Is fonned by sput- 
tering, plating, or sputtering and plating in combine- 30 
tion in said process (b). 

7. The method for manufacturing a multilayer printed 
circuit board according to any of claims 4 to 6, char- 
acterized In that the resin insulating layer is made 35 
of at least one resin selected from the group con- 
sisting of a fluoro resin, an polyolefin type resin, and 

a polyphenyiene type resin. 

8. The method for manufacturing a multilayer printed 40 
circuit board according to any of claims 4 to 6, char- 
acterized In that the resin insulating layer is made 

of a resin complex containing a thermoplastic resin 
and a thermosetting resin. 

45 

9. The method for manufacturing a multilayer printed 
ci rcuit board accordi ng to any of claims 4 to 8, char- 
acterized by using at least one substance selected 
from the group consisting of polyethylene, its deriv- 
atives, gelatin, and its derivatives as the leveiling so 
agent for said electroplating solution. 

10. The method for manufacturing a multilayer printed 
circuit board according to any of claims 4 to 9, char- 
acterized by using at least one compound selected ss 
from the group consisting of sulfur oxide, com- 
pounds related to sulfur oxide, hydrogen sulfide, 
compounds related to hydrogen sulfide, and other 



sulfur compounds asthebrightenerforsaid electro- 
plating solution.. 

11. A multilayer printed circuit board comprising a sub- 
strate bearing a conductor circuit and, as serially 
layered Ihereon, a resin Insulating layer and a con- 
ductor circuit in an alternate fashion and In repeti- 
tion, wherein the conductor circuits neighboring in 
up and down direction are connected through a vla- 
hoie, characterized In that said via-hole is filled 
with a metal, that the upper face of said via-hole and 
the upper face of said conductor circuit In the same 
layer are kept approximately in the same plane and 
that the distance from the bottom face to the upper 
face of said via-hole Is about 2 to 7 times as long 
as the thlcl<ness of said conductor circuit. 

12. The multilayer printed circuit board according to 
claim 1 1 , characterized In that said resin insulating 
layer has a dielectric constant of 3.0 or lower at 1 
GHz. 

13. The multilayer printed circuit board according to 
claim 11 or claim 12, characterized by being man- 
ufactured by the method for manufacturing a multi- 
layer printed circuit board according to any of claims 
4 to 10. 



40 
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